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_ VE) There are disclosed new naphthyridine-and quinoline-carboxylic acids having a 1-tertiary-alkyl substituent. 

gj compositions containing them, and their use in treating bacterial infections in warm-blooded animals. Also 
disclosed are novel amines and intermediates used in the preparation of the naphthyridine-and quinoline- 
carboxylic acids. 
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I-TERTIARY-ALKYL-SUBSTTTUTED NAPHTHYRIDINE-AND QUINOUNE-CARBOXYUC ACID ANTIBACTERI- 
AL AGENTS 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

5 This invention relates to novel 4*oxo-naphthyridine-and 4-oxo-quinoline-3-carboxylic acids derivatives 
having anti-bacterial activity, to compositions containing the. same, and to novel amines and intermediates 
used in the preparation of the same. 

to DESCRIPTION OF THE PRIOR ART 

R. Albrecht, Progress in Drug Research , 21, 9-104(1977), describes the development of numerous 
structural variants having antibacterial activity which are based on the structure of nalidixic acid (1 -ethy 1-1,4- 
dihydro-7-methyl-4-oxo-1 t 8-naphthyridine-3-carboxylic acid) having the following structural formula: 



rs 



20 



30 



35 



40 



45 



50 



H 3 C 




COOH 



25 One such variant described by Albrecht is the class of compounds referred to as quinoiine derivatives, 
more particularly, derivatives of 1 ,4-dihydro-4-oxo-3-quinoline carboxylic acids having the following struc- 
tural formula: 




COOU 



Such quinolones unsubstituted in the benzene nucleus, B, wherein R is H, are described as having only 
slight antibacterial activity. There are disclosed numerous quinoiine derivatives having the above structural 
formula wherein the benzene nucleus, B, possesses substitutents selected from halogen, alkyl, cycloalkyt, 
unsubstituted and substituted phenyl and pyridyf, piperidinyl and piperazinyl to name but a few, especially 
when such substituent is in the 7-posftion. See pages 12-15. 

Further, there are disclosed numerous quinoiine derivatives having the above structural formula wherein 
the pyridone nucleus, A, possesses various substitutents in the 1 -position selected from unsubstituted lower 
alkyl groups or lower alkyl substituted with, for example, halogen and hydroxy-groups, lower alkenyl, 
alkynyl, and unsubstituted and substituted phenyl. Particularly, it is disclosed that in a comparison of activity 
of these quinoiine derivatives having an alkyl group in the 1 -position, the effects achieved with smaller 
radicals always proved to be best and, further, that as a rule the best activity is obtained with the Ethyl 
group. See page 25, lines 1-5. 

Another variant described by Albrecht is the class of compounds referred to as naphthyridine 
derivatives, i.e 1, 8-naphthyridine or more particularly 1 ,4-dihydro-4-oxo-1 .8-naphthyridine-3-carboxylic add 
derivatives, having the following structural formula* 



0 266 576 




COOH 



Among the 1,8-naphthyridine derivatives having the above structural formula, there are disclosed derivatives 
having piperazinyl and pyrrolidinyl groups in the 7-posrtion and ethyl in the 1 -position. See pages 51-56. As 
regards substituents in the 1 -position, it is disclosed that among those same 1 -position substftuents 
described above in the quinoline derivatives, maximum activity is achieved with ethyl or propyl groups 
whereas all smaller or larger alkyl groups or those with additional double bonds or functional groups 
decrease activity. See page 60, lines 8-19. 

M. P. Wentland and J. B. Comett, Annual Reports In Medicinal Chemistry , 20 , 145-154 (1985) describe 
modifications and developments in the area of quinolone antibacterial agents subsequent to the review of 
Albrecht above, particularly with emphasis on developments in 6-ftuoro-7-piperazinylquinolones directed 
toward increasing antibacterial activity against Gram-positive bacteria and against anaerobes as well as 
against Gram-negative bacteria in comparison to the activity demonstrated by nalidixic acid. Among the 
more recent agents disclosed are the agents referred to as norfloxacin (1-ethy(-6-fluoro-1,4-dihydro-7-(1- 
piperazinyl)-4-oxo-quinoline-3-carboxyl!C acid) and ciprofloxacin (1-cyclopropyl-6-fluoro-1,4-dihydro-7-{1- 
piperazinyl)-4-oxo-quinoline-3-carboxylic acid). 

U.S. Patent 3,590,036 discloses numerous 1 -substituted- 1 ,4-dihydro-4-oxo-1 3-naphthyridine-3-carbox- 
ylic acids and derivatives thereof having the following formula, including nalidixic acid mentioned above, 
wherein the substituent on the 1 -position can be aliphatic hydrocarbon radicals having one to ten carbon 
atoms inclusive such as, for example, alkyl, alkenyl and alkynyl radicals. Illustrative of these radicals are 
methyl, ethyl, n-propyl, i-propyl, 2-butyl, isoamyl, and the like, when alkyl; and 2-propenyl (allyt), 2-methyl- 
2-propenyl, 3-butenyl, and the like when alkenyl. The substituents on the pyridine nucleus, that is at the 5-, 
6-, and 7-positions of the naphthyridine ring system, can be lower-alkyl, halo, and lower-cydoalkylamino. 



U. S. Patent 4,284,629 discloses the preparation of certain 4-pyridone-3-carboxylic acids and derivatives 
thereof having the following structural formula: 



or a salt thereof wherein R ia denotes an alkyl, cycJoalkyl, aralkyl, aryl or an amino group; R 2a denotes a 
hydrogen atom or an alkyl, aralkyl or an aryl group; R 3 " denotes a derivative of a carboxyl-group such as a 
nitrile or ester group; and up to three of the symbols A, B, D and E denote a nitrogen atom and the 
remaining of the symbols A, B, D, and E denote an optionally substituted carbon atom. Although the patent 




C 2 H 5 
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discloses that particularly preferred aliphatic radicals R 18 are ethyl and tert-butyl, there is disclosed among 
the thirty-five actual examples a single example illustrating tertiary-butyl as the R 18 radical, namely, 1- 
t-butyM.4Kiihydro-7^ethyl-^xcM^ acid (Example 25). However, no biological 

activity data is disclosed for this example. 

U. S. Patents 4,359,578 and 4,352,803 disclose antibacterial compounds having the following structural 
formula: 




COOR 



wherein X is a halogen atom, especially a fluorine atom, R 1 is an ethyl or viayl group, and R 2 is a hydrogen 
atom or a lower alkyl group, and non-toxic salts thereof. 

U. S, Patent 4,146,719 discloses the compound, 1-ethyl-6-fluoro-1,4-dihydro-7-(1-piperazinyl)-4- 
oxoquinoline-3-carboxylic acid (norfloxacin) and the hydrates and addition salts thereof. 

German Often. DE 3142854 discloses 1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-piperazinyl-quinoline- 
3-carboxylic acids including the specific compound wherein the substttuent in the 7-posrtion is unsubstituted 
piperazinyl (ciprofloxacin) as well as 4-substituted piperazinyl wherein the substituent is methyl,ethyl, or 
beta-hydroxyethyl. 

EP 0,153,163 discloses antibacterial compounds having the following structural formula: 




wherein X is CH f C-Ci, C-F, C-OH, C-O-alkyf having from one to three carbon atoms, C-NH-alkyl having 
from one to three carbon atoms or N; Y is H, F f CI or Br; Z is representative of heterocyclic substituents 
having the formula 



N — R" 



~O^CH 2N HR 3 or _xQ|0 

wherein R 3 is hydrogen, methyl, ethyl, 1-or 2-propyl; R 1 is hydrogen, alkyl having one to six carbon atoms 
or a cation; and R 2 is alkyl having one to four carbon atoms, vinyl, hatoalkyl, or hydroxyaikyl having two to 
four carbon atoms, or cycloafkyl having three to six carbon atoms. Among the numerous actual examples 
there are disclosed the preparation of two compounds wherein R 2 is a tertiary alkyl group, namely, 1- 
methyfcyclopropyl (See Examples 61 and 68). However, no data showing biological activity for these 
compounds is disclosed. 

U. S. Patent 4,571 396 (correspondng to EP 0,159,174) discloses certain naphthyridine-and quinoline- 
carboxylic acids having antibacterial activity and having the following structural formula: 
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5 




wherein 2 is an amine substituent selected from 



75 



R 




R-N 




N— , 



R-N 




R-N 




20 




N- 



in which R is hydrogen, alkyl or one to three carbon atoms, hydroxyalkyl of two to three carbon atoms, 
25 benzyl or g-aminobenzyl; R' is hydrogen or alkanoyl of one to three carbon atoms; X is CH, CF, or N; Y is 
hydrogen, fluoro. or amino; R 1 is hydrogen, alkyl having from one to six carbon atoms or a cation; and R 2 is 
alkyl having one to four carbon atoms, vinyl, haloalkyl, or hydroxyalkyl having two to four carbon atoms, or 
cycloalkyl having three to six carbon atoms, and the pharmaceutical ly acceptable acid addition or base salts 
thereof. 

30 U. S. Patent 4,556,658 discloses antibacterial compounds having the following structural formula 



wherein R 1 and R 2 are identical or different and represent a Ci-C* alkyl radical which is optionally 
substituted by a hydroxy!, amino, methylamino or dimethylamino group, and R 1 and R 2 together with the 
nitrogen atom to which they are bonded, furthermore form a 5-or 6-membered heterocyclic ring which can 
additionally have, as a ring member, the atoms or groups -O-, -S-, -SO-, -SOror >NR3. The patented 
compounds are said to couple low toxicity with a broad antibacterial spectrum against Gram-positive and 
Gram-negative bacteria, in particular against Enterobacteriaceae, especially against those which are resis- 
tant to various antibiotics such as penicillins, cephalosporins, aminoglycosides, sulfonamides and the like. 

U. S. Patent 4,578,473 discloses an improved process to produce a compound having the structural 
formula 



O 



40 



35 




55 
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10 wherein A is a substituted amino group R 1 R 2 N-; X is H or F; and R 2 is C1-C3 alky I or Ct-Ce cycloalkyl. 

U. S. Patents 4,559,341 and 4,559,342 disclose derivatives of the above-mentioned ciprofloxacin having 
the structural formula 



T5 



SB 



o 
a 

in 



20 




25 



COOH 



EP O 166 939 discloses antibacterial 1^yclopropyl^fluoro-1,4Hiihydro-4^ 
quinolinecarboxylic acids having the structural formula 



30 



35 




COOH 



40 



45 



EP O 167 763 discloses antibacterial compounds having the structural formula 

O 

- 1 S ^^COOH 



50 




wherein X 1 and X 2 are the same or different and represent CI or F provided that they are not both F at the 
55 same time and R 1 and R 2 , together with the nitrogen atom to which they are bound, form a 5-or 6- 
membered ring which can further include -0-, -S-, -SO-, -SOr, >N-R 3 or -CONR 3 . 

Spanish Patent 8504767 discloses a process to produce compounds having the structural formula 



6 
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COOH 



wherein Ri is hydrogen or lower aJkyl, for example, methyl, ethyl, or isopropyl, and Fb> is methyl or ethyl, by 
reacting a 3-chloro-4-fluoro-(N-alkyl)aniline with ethoxymethylene-malononitrile, cyciizfng the resulting inter- 
mediate under Friedel-Crafts-conditions, and reacting the resulting intermediate with an appropriate 
piperazine. 

South African Patent Application Publication No. 853954 discloses antibacterial compounds having the 
structural formula 



O 




Great Britain Patent Application Publication 2 160 519 A discloses quinolone compounds having 
antibacterial activity having the structural formula 
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TO 




COOR 



C 2 H 5 



wherein Ri is H or alkyl. 

EP O 132 845 discloses antibacterial 1,8-naphthyridine derivatives of the formula 



Tff 



20 




COOH 



wherein Ri, R2 and R3 are the same or different and can be hydrogen or lower alkyl having 1 to 5 carbon 
atoms. 

EP 0 134 165 discloses antibacterial 7-(pyrrol-1-yl) derivatives of 1-ethyM,4-dihydro-4-oxo-quinoKne-3- 
30 carboxylic acid and 1-ethyl-1 ,4-dihydro-4-oxo-<1 ,8-naphthyridine)-3-carboxyHc acid of the formula 



35 



40 




COOH 



2"5 



wherein X is a carbon atom or nitrogen atom and R is hydrogen or fluoro. 
45 U. S. Patent 4,341,784 discloses antibacterial 7^3-amino-1^yrrolidinyl)-1-ethyl-6-fluoro-1.4-dihydro-4- 
oxo-1 ,8-naphthyridine-3-carboxylic acids of the formula 



50 



55 




OOH 



NHR 



8 
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Although the recently developed compounds exhibit improvements in antibacterial activity, such as a 
broader activity spectrum, increased potency, improved absorbability, increased duration of action and 
improved stability, in comparison with previous compounds, there remains a need for compounds having an 
advantageous combination of these and other desirable properties. 

These and other advantages as will be apparent to those skilled in the art to which this invention 
pertains are achieved by this invention which is described as follows. 



SUMMARY OF THE INVENTION 

This invention in a first aspect is a generic chemical compound representing one of the group of 
compounds consisting of naphthyridine-and quinoiine-carboxylic acids and having the formula 




COOH 

( Formula I ) 



in which R 1 is a unsubstituted or substituted tertiary-alky I group wherein the t-alkyl group may contain 1-3 
halo, e.g. fluoro, groups, X is a halogen or trihalomethyl group, Y is a C or a N atom which provides a 
quinoline or a naphthyridine ring system, respectively, and Z is a N-heterocyclic ring selected from the 
group of piperazinyl, piperidinyl, 3-amino-1-pyrrolidinyl, 3-aminoalkyl-1-pyrrolidinyl, 2-aminoaIkyl-morphoHn- 
4-yl, 2-aminoalkyMhiomorpholin-4-yl t and diazabicycloakyl groups containing 7-9 atoms in the dia- 
zobicycloaikyl ring system. 

In another aspect, this invention is an intermediate for the preparation of compounds of Formula I 
having the generic formula 



O 




(Formula II) 



wherein R 1 , and X and Y are as defined above, X' may be the same as X above or an alkyK aryl-or aralkyl- 
sutfonyl and M is H or alkyl or a salt-forming metal cation or ammonium ion. 

In yet another aspect, this invention is an amine compound, Z-H, useful in preparing compounds of 
Formula I. 



9 
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DETAILED DESCRIPTION OF THE INVENTION 

In one aspect this invention is a compound having the formula 



10 



'XXr 



COOK 

(Formula 1) 



wherein: 

75 R* is a unsubstituted or substituted tertiary alkyl group selected from -CfChbk -C(CH3)2CH2CH3. -CfCeHs)- 
(CH 3 )2. 



20 



I ; 1 

-C(C 6 H S )CHRCH 2 , 



I \ I " -I 

25 ~C(CH 3 }CKRCH 2 , -C(CH 3 )CH 2 CH 2 CH 2j 



30 



-C(CH3) = CH2.and 




35 

wherein R is H or Chb and wherein the t-alkyl group may contain 1-3 halo, e.g. fluoro groups; 
X is a member of the group of halogen groups selected from F, CI and Br and trihatoalkyl groups selected 
from CF3 and CCfe; 
w Y is selected from CH. CF, CCI, CBr, and N; and 
Z is selected from 



45 



so 



55 



D C 



10 
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40 



A B ' 



R 2 2 N-(CH 2 ) n 




D C 



TO 



rs 



R 2 N-(CH 2 ) n 



whereiir W is NR , S or O. 



Q 

Q 

•ICS;? 



2a 



2 /T^ '" 

r -n bO n w- , 



30 



2 A~A 

R -N W> B N- , 



2 n\ 



and 



/ — \ 

wherein R 2 is independently selected from H t unsubstituted and substituted alkyl having 1 to 6 carbon 
atoms wherein the substituent is independently selected from 1-3 hydroxy, fluoro, chloro, amino, alkylamino, 
trifluoroacetylamino and phenyl groups; cyctoatkyl having 3 to 6 carbon atoms; and cycioalkenyl having 3 to 
so 6 carbon atoms; and wherein A, B, C, and D are independently selected from H; unsubstituted and 
substituted lower alkyl having 1 to 4 carbon atoms wherein the substituent is independently selected from 
1-3 hydroxy, fluoro, chloro, amino, alkylamino, trifluoroacetylamino, and phenyl groups; amino; hydroxy; 
fluoro; chloro: and phenyl groups; and wherein n, when present, is selected from the integers 0, 1, 2, and 3; 
provided that when R 1 is 

55 



r 



-C(CH 3 )CHRC« 2 



l3. 



11 
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then Z is not 



R 2 HN(CH,1 
4 n 



-c- 



and pharmaceutically acceptable acid addition and base salts thereof. 

In those embodiements above containing the R^N-moeity wherein each of the R 2 groups is other than 
H, then R 2 is independently selected from Chb and C2H5- 
70 It is to be understood that the formulas herein representing the various compounds according to the 
invention are intended to embrace all optical isomers within the scope of the given formulas unless 
otherwise indicated. 

In another aspect, as is mentioned above, this invention Is a pharmaceutical composition comprising an 
antibacterially effective amount of a compound of Formula I above. 
75 In still another aspect, this invention is a method of combatting bacterial infection in warm-blooded 
animals comprising administering to said animals an antibacterially effective amount of a compound of 
Formula I or of a pharmaceutical composition thereof. 

In yet another aspect, this invention is a compound having the formula 



O 
o 



^ 25 




(Formula II) 



3a wherein: R 1 is a tertiary alkyl group selected from -CfCKbfc -CCCHs^HzChfe, ^(CeHsHCHaJz, 

I 1 

-C(CgH 5 )CHRCH 2 , 

35 

-.C(CH 3 )CHRCH 2 , -C ( CH 3 ) CH-jCHjCHj , 



-C(CH3) = CH2. and 



45 




wherein R is H or CH3; 

X is a member of the group of halogen groups selected from F, CI, and Br and trihaloalkyl groups selected 
from CFa and CCb; 

X' may be the same as X or an alkyl-, aryl-or aralkylsulfonyl; 
Y is selected from CH, CF, CCI, CBr and N; and 

M is selected from H, CrC* alkyl and alkali and alkaline earth metal ions, and ammonium ions. 

In still another aspect, this invention is a compound represented by the formula 
Z-H (Formula III) 
wherein ZH is selected from 



12 



0 266 576 



TO 




' CF 3 CO-N 




N— H 



and the free amine hydrolysis product thereof, and 



TS 



Preferred compounds of Formula I above according to this invention are those wherein 
2a R 1 is unsubstituted or substituted -C(CH3h. -CtChh^hWHaCttj. 



-i(CH- )CH~CH 0 , -i(CH- )< 



, 3 / w« 2 w« 2 , v. * w« 3 ) CH 2 CH 2 CH 2 



25 and-C(CH3)*CH2; 
Xis F; 

Y is selected from CH, CF and N; and 
Z is selected from 



30 



R 2 -N 



as 



A D 

w 

D C 



2 

V 7 



A B 



R* 2 N-(CH 2 ) n 



40 



M 

D C 



N — , and 



R — N 



46 wherein R 2 is independently selected from H, Chb, -C2H5 and -C(CI-b)3 and 



50 



; A, B, C, and D are independently selected from H, CKb and C2H5; and n is selected from 0, 1, and 2. 

More preferred compounds of Formula I above according to this invention are those wherein 
R* is -CtCHah. -CtCHaFXCHah. -CfCHzF^H* or -C^CF^ 
55 X is F; 

Y is selected from CH and N; and 
Z is selected from 



13 
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6f 



R 2 -N 



A B 

w 

D C 



10 



o 

Q 
O 



R 2 2 N-(CH 2 ) n - 



A B 

N- , and 



75 



D C 



Especially preferred compounds of Formula I according to this invention are those wherein 
FT!* is -CfChbfc 
Xis F; 
20 Y is CH; and 

Z is selected from 



25 



H-N N- and 



mi 



Further especially preferred compounds of Formula I according to this invention are those wherein 
30 fV is -CfCHate 
Xis F; 
Y is N; and 
Z is selected from 



35 M 2 H 



V and R^i/lV 



4& 



is 



*nd R z -fc ^M- and *T-N^ ^H- (1»,4»> an* <1R,4R) 



R2 = H or CH3 

Most especially preferred are the compound of Formula I wherein R" is -CfChbh, X is F, Y is N and Z is 
selected from 



4$' 



so 



55 



14 
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10 



H-»^^H- . <1R,4R> 



^m^) im traeewic mixture, R-i«on»r# »nd S-iiomar) 




76 H 3 C "is- (raotmic mixture* oii^itomir *nd 



tran£- isomer) 



20 By the expressions "os-fsomer" and "trans-isomer" above is meant that the methyl and amino groups 
;2? are on the same side of the plane of the pyrrolidine ring system or are on opposite sides of the plane of the 

|J pyrrolidine ring system, respectively. It will be apparent to those skilled in the art that here there are present 

y 2 asymetric carbon atoms and, thus, there are two isomers when the methyl and amino groups are as and 

3 two isomers when they- are trans . 

25 The compounds having formulas I, II, and 111 may contain an asymmetric carbon atom. As is mentioned 
above, the formulas I, II and 111 herein representing the various compounds of the invention are intended to 
embrace all optical isomers, as well as racemic mixtures thereof, of the compounds within the scope of the 
given formula. 

The compounds of this invention may be readily prepared by reacting a compound having the formula 



H 30 

rU 



o 

OOM 



XXX 



36 x* Y (Formula II) 

A 1 



wherein R\ X, X', Y, and M are as defined above, with an amine. 



40 



o 



45 



50 



65 



for example, an amine corresponding to the formula 

Z-H (Formula III) 

wherein Z is also as defined above. 

Although X' in Formula II above may be selected from the same substftuents, namely, F, CI and Br and 
CF3 and CCb. which define "X", X' also may be an organic leaving group other than CFs and CCb. More 
preferably, X' may be selected from F and CI and an organic leaving group such as alkylsuKonyl (for 
example methanesulfonyl), arylsuffony! (for example phenylsutfonyl), and aralkylsulfonyl (for example p- 
toluenesutfonyl). 

The intermediates of Formula II, wherein R 1 Is a tertiary alkyl group as defined above, are novel but 
may be prepared from known starting materials by standard, or conventional, procedures or by variations 
thereof. Representative of such procedures are those disclosed in U.S. Patent 4,571 ,396 and others of the 
references disclosed in the Description of the Prior Art above. 

Certain of the amine starting materials represented by the formula Z-H (Formula III) are novel and may 
be prepared as described below. 



15 
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The following reaction sequence illustrates a typical preparation of the compounds of formulas I and 
also II. In the reaction sequence,, R = Et or PhCH 2 , X = X 1 = F or CI, and Y = CH, CF or N. According to 
this method polyhalogenated aromatic acid (1> is converted with sulfuryl chloride to acid chloride (2) which 
acylates malonate diester in the presence of magnesium ethylate to give the aroylmalonate (3). 

Partial hydrolysis: and decarboxylation of (3) in aqueous medium using catalytic amounts of p-toluene 
sulfonic acid give (4) which is treated with triethyi orthoformate and acetic anhydride to give (5). Reaction of 
(5) with t-butylamine in ethyl alcohol leads to an isomeric mixture of (6) which is cyclised to (7) with a slight 
excess of sodium hydride in dioxane. Compound (10) may be obtained from (7) by two ways: (a) Ester (7) 
is first hydrolyzed under basic condition to lead to carboxylic acid (8) which reacts with the appropriate 
amine to give (10); and (b) Ester (7) can be converted to (9) with the appropriate amine and the ester (9) 
hydrolyzed under basic condition to (10). 




Preferred species of the compounds of this invention include the following: 
1-(1,l-dimethylethylH*^ihydro-6-fluoro-7^^ acid, methane sulfonate. 

7-(4-(cyclopenten-3-yl)-1 ~piperazinyl]~1 -(1 ,1 -dimethy lethyl)-1 ,4^ihydro^fIuoro-4-oxo-3-quinolinecarboxyiic 
acid, hydrochloride. 

7-(8-methyl-3,8rdiazabicyclo[3.2.1 ]octan-3-yl)-1 -(1 ,1 -dimethylethyl)-1 ,4-dihydro-6-fluoro-4-oxo-3- 
~ quinolinecarboxylic acid, hydrochloride. 
7-[(3-phenylH-pip©razinyQ-1-(1 ,1-dimethylethyl)-1 ,4-dihydro-6-fluoro-4-oxo*3-quinolinecarboxylic add, 
methanesulfonate. 

1 -(1 ,1 -dimethylethyf)-1 ,4-dihydro^-fluorcK7-(4-methylpiperazin^ acid, hydro- 

chloride. 

7-(2,5-dia2abicyclo[2^2]octan-2-yl>-1 -(1 ,1-dimethylethyl)-1 ,4-dihydro-6-fluoro-4-oxo-3-quinoIinecarboxylic 
acid. 

7-(1S,4S-2,5KJiazabicycIo[2.2.1]heptar^^^ 
quinolinecarboxylic acid. 

7-(3-(aminomethyl)-1 -pyrrolidinylH -(1 ,1 -dimethylethylH ,4Kfihydro-6-fluoro-4K)xo-3^uinoHnecarboxylic acid. 
7-(3-(ethylamino)methyl-1 -pyrrolidinylH -(1 ,1 -dimethyl ethyl)-1 ,4-dihydro-6-fluoro-4-oxo-3-quinolinecarbox- 
ylic acid. 

7-(3-methyH-piperazinyl)-1-(1 ,1 -dimethylethylH ,4-dihydro-6-fluoro-4-oxo-3-quinoUnecarboxyIic acid. 
7-((3,5-dImethylH -piperazinylH -(1 ,1 -dimethylethylH ,4^ihydro-6-ffuoro-4-oxo-3-quinoIinecarboxylic add. 
7-(4-(dinrtethylaminoH -piperazinylH -(1 , 1 -dimethylethylH ,4rdihydn>^fluon>4-oxo-3-quinoHnecarboxyiic 
add. 

7-(4-(1 ,1-dimethylethyl)-1-piperazinyl)-1*(1*1-diTiethyl ethyl)-1,4-dihydro^fluoro-4-oxo-3-quinoUnecarboxyl!c 
acid. 

7-piperazinyl-1-(1 ,1 -dimethylethylH ,4-dihydro^,8<rffluoro-4^xo-3-quinollnecarboxyIi^ add. 
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7-(3-<ethylamino)methyM -pyrrolidiny IH -(1 ,1 -dimethyl ethy IH ,4<lihydro^ t 8-dlfluoro-4-oxo-3-qutnoIinecar- 
boxylic acid. 

7-(3-amino-1 -pyrrolidinylH -(1 ,1 -dimethylethylH ,4<)ihydro^fluoro-4<)xo-3-quirK)linecarboxylic acid, h>jiro- 
chioride 

5 7-piperaziny 1-1 -(1 ,1 -dimethylethy f 4-dihydro-6-fluoro-4-oxo-1 f 8-naphthyridine-3-carboxylic acid. 

7-(3-methyM -piperaziny IH *0 ,1 -dimethylethylH ,4-dihydro-6-ftuoro-4-oxo-1 ,8-naphthyridine-3-carboxy lie 
acid. 

7-(1 S,4S-2,5-diazabicyclo[2.2.1 ]heptan-2-yl>-1 -{1 ,1 -dimethylethylH ,4-dihydro-6-fiuoro-4-oxo-1 ,8- 
naphthyridine-3-carboxyfic acid. 
w 7-(2,5-diazabicyclo[2.2.2]octan-2-ylH -{1 .1 -dimethy lethylH ,4-dihydro-6-fluoro-4-oxo-1 ,8-naphthyridine-3- 
carboxylic acid. 

7-<4-(cyclopenten-3-ylH -piperaziny l>-1 -(1 ,1 -dimethy lethyl)-1 ,4-dihydro-6-fluoro-4-oxo-1 ,8-naphthyridine-3- 
carboxylic acid. 

7-{3-(aminomethy l)-1 -pyrrolidlnyl)-1 -(1 ,1 -dimethylethylH ,4-dihydro-6-fluoro-4-oxo-1 ,8-naphthyridine-3- 
75 carboxylic acid. 

7-(3-((ethy lamino)methy I)-1 -pyrrolidiny l)-1 -(1 1 1 -dimethyl ethylH ,4-dihydro-6-fluoro-4-oxo-1 ,8-naphthyridine- 
3-carboxylic acid. ' 

7-(3-methyM-piperazinylH-<1 ,1 -dimethylethylH ,4-dihydro-6-fluoro-4-oxo-1 ,8-naphthyridine-3-carboxylic 
acid. 

20 7-(3 l 4-dimethyl-1-pipei^iny1H^1.1<Nm 
acid. 

7-(3-phenyl-1 -piperaziny IH -(1 .1 -dimethylethy l)-1 ,4-dihydro-6^fluoro-4-oxo-1 ,8-naphthyridine-3-carboxylic 
acid, methanesulfonate. 

7-(1 R,4R-2,5-diazabicyclo[2.2.1 ]heptan-2-yl)-1 -<1 ,1 -dimethylethylH .4-dihydro-6-fluoro-4-oxo-1 ,8- 
25 naphthyridine-3-carboxylic acid. 

7-(8-methy l-3.8-diazabicyclo[3.2.1 ]octan-3-ylH -(1 .1 -dimethylethy IH ,4-dihydro-6-fluoro-4-oxo-1 ,8- 
naphthyridine-3-carboxyIic acid, methanesulfonate salt. 
y 7-(3,8-diazablcycIo[3.2.1 ]octan-3-ylH -(1 .1 -dimethylethylH .4~dihydro-6-fluoro-4-oxo-1 ,8-naphthyridine-3- 

carboxylic acid, methanesulfonate. 
30 7-{2-amlnomethy l-morpholin-4-yl>-1 -<1 ,1 -dimethylethylH ,4-dihydro-6-fiuoro-4-oxo-l ,8-naphthyridine-3- 
iJ carboxylic acid. 

Ij 7-(3-amino-1 -pyrrolidiny l)-1-(1 ,1 -dimethylethylH ,4-dihydro-6-fluoro-4-oxo-1 ,8-naphthyridine-3-carboxylic 

•-J acid. 

3 7-[(S)-3-amino-1 -pyrrolidinyll-1 -(1 ,1 -dimethylethy l)-6-fluoro-1 ,4-dihydro-4-oxo-1 ,8-naphthyridine-3-carboxylic 

|| 35 acid. 

7-(3-amino-4-methyl-pyrrolidin-1 -yl)-1 -(1 ,1 -dimethylethylH ,4-dihydro-6-fluoro-4-oxo-1 3-naphthyridine-3- 
carboxyliz acid. 

7- (trans- 3-amino-4-methyl-pyrrotidin-1 -y l)-1 -(1 ,1 -dimethylethyl)-1 1 4-dlhydro-6-fluoro-4-oxo-1 ,8-naphthyridine- 
3-carboxylic acid. 

40 7-(cis-3-amino-4-methyhpyrrondin-1 -ylH -0 .1 -dimethylethyl) 
-1 ,4-dihydro-6-fluoro-4-oxo-1 ,8-naphthyiidine-3-carboxylic acid. 

The compounds of Formula I according to this invention may be provided as pharmaceutical ly 
acceptable acid addition and base salts wherein the anion or cation, respectively, does not contribute 
significantly to the toxicity of the salt and which salts are compatible with the standard and conventional 

45 pharmaceutically acceptable carriers and other conventional adjuvants and exdpients customarily employed 
in producing pharmaceutical compositions adapted for oral or parenteral administration. The acid addition 
salts are formed by conventional techniques involving reaction of compounds of Formula I with mineral 
acids such as, for example, hydrochloric acid, hydrobromic add, phosphoric .acid, and sulfuric acid, and 
with organic carboxylic and sulfonic acids such as, for example, acetic acid, citric acid, maleic acid, succinic 

so acid, benzoic acid, tartaric acid, ascorbic acid, methanesulfonic acid, ethanesulfonic acid, 2-hydrox- 
yethanesulfonic acid, p-toluenesulfonic acid, and the like. 

Pharmaceutically acceptable base salts are formed by conventional techniques involving reaction of the 
compounds of Formula I with alkali (Na,K) and alkaline earth (Ca, Ba, Zn, Mn) metat bases, more preferably 
with alkali metal bases such as, for example, dilute solutions of sodium hydroxide, and potassium 

55 carbonate. Also, pharmaceutically acceptable base salts are formed by conventional techniques involving 
reaction with amines such as, for example, triethylamine, dibenzylamine, triethanoiamine, ethanolamine, 
N.N'-dibenzylethyienediamine. procaine and equivalent amines. 
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The pharmaceutical compositions of this invention may be prepared by combining the compounds of 
Formula I of this invention with a solid or liquid pharmaceutically acceptable carrier and, optionally, with 
pharmaceutically acceptable adjuvants and excipients employing standard and conventional techniques. 
Solid form compositions include powders, tablets, dispersible granules, capsules, cachets and sup- 
5 positories. A solid carrier can be at least one substance which may also function as a diluent flavoring 
agent, solubilizer, lubricant, suspending agent, binder, tablet disintegrating agent and encapsulating agent 
Inert solid carriers include magnesium carbonate, magnesium stearate, talc, sugar, lactose, pectin, dextrin, 
starch, gelatin, cellulosic materials, low melting wax, cocoa butter, and the like. Liquid form compositions 
include solutions, suspensions and emulsions. For example, there may be provided solutions of the 
70 compounds of this invention dissolved in water and water-propylene glycol and water-polyethylene glycol 
systems, optionally containing suitable conventional coloring agents, flavoring agents, stabilizers and 
thickening agents. 

Preferably, the pharmaceutical composition is provided employing conventional techniques in unit 
dosage form containing appropriate amounts of the active component, that is, the compound of Formula I 
75 according to this invention. 

The quantity of active component that is the compound of Formula I accordihg to this invention, in the 
pharmaceutical composition and unit dosage form thereof may be varied or adjusted widely depending 
upon the particular application, the potency of the particular compound, and the desired concentration. 
Generally, the quantity of active component will range between 0.5% to about 90% by weight of the 
'j 20 composition. 



FU 



:Q in therapeutic use for treating, or combatting bacterial infections in warm-blooded animals, the 

Q compounds or pharmaceutical compositions thereof will be administered at a dosage to obtain and maintain 

Q a concentration that is, an amount or blood-level of active component in the animal undergoing treatment 

|t| which will be antibacterially effective. Generally, such antibacterially effective amount of dosage of active 

JC 25 component will be In the range of about 0.1 to about 15, more preferably about 1.5 to about 10, still more 
preferably about 3 to about 7 mg/kg of body weight/day. It is to be understood that the dosages may vary 
^1 depending upon the requirements of the patient, the severity of the bacterial infection being treated, and the 

L** particular compound being used. Also, it is to be understood that the initial dosage administered may be 

increased beyond the above upper level in order to rapidly achieve the desired blood-level or the initial 
JrJ 30 dosage may be smaller than the optimum and the daily dosage may be progressively increased during the 
~ " course of treatment depending on the particular situation. 

The compounds of formula 1 according to this invention are advantageously administered parenterally, 
i.e. by injection, for example, by intravenous injection or by other parenteral routes of administration. 
Pharmaceutical compositions for parenteral administration will generally contain a pharmaceutically accept- 
35 able amount of the compound according to formula I as a soluble salt (acid addition salt or base salt) 
dissolved in a pharmaceutically acceptable liquid carrier such as, for example, water-for-injection and a 
buffer to provide a suitably buffered isotonic solution, for example, having a pH of about 3.5-6. Suitable 
buffering agents include, for example, trisodium orthophosphate, sodium bicarbonate, sodium-citrate, N- 
methylglucamine, L(-f-)-lysine and L( + )-arginine to name but a few representative buffering agents. The 
40 compound according to formula ! generally will be dissolved in the carrier in an amount sufficient to provide 
a pharmaceutically acceptable injectable concentration in the range of about 1 mg/ml to about 400 mg/ml of 
solution. The resulting liquid pharmaceutical composition will be administered so as to obtain the above- 
mentioned antibacterially effective amount of dosage in the range of about 0.1 to about 15, more preferably 
about 1.5 to about 10, still more preferably about 3 to about 7 mg/kg of body weight/day. 
45 The following examples are presented to illustrate but a few representative embodiments of the 
invention and are not to be construed as limiting in scope. All parts and percentages are by weight and all 
temperatures are in degrees Celsius unless otherwise indicated. 

Examples 1 to 44 describe different methods used to prepare representative compounds according to 
the invention. 

50 Examples A to H describe preparations of sofar unknown amines. 

Examples I to XII describe preparations of quinolone and naphthyridone intermediates bearing the t- 
butyl (1,1-dimethylethyI) group. 



55 PREPARATION OF QUINOLONE AND NAPHTHYRIDONE ANTIBACTERIAL COMPOUNDS 
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EXAMPLE 1 

H1 f 1-DlMETHYLETHYLH^DIHYDRO^n^ 
QUINOLINECARBOXYLIC ACID, METHANESULFONATE 

5 

Method 1 : 

A suspension of 17.7 g (59.4 mmoles) 1-(1,1^imethyIethylH ( 4Kiihydi^^ 
70 quinoiinecarboxyiic acid and 20.48 g (238 mmoles) of piperazine in 53 mL pyridine was heated at 100° C for 
18 hours under nitrogen. The suspension was cooled at +5°C, the precipitate was filtered and washed with 
5 mL pyridine and cold ether. The precipitate was taken up in 1 10 mL water and the pH adjusted to 72. with 
6N hydrochloric acid. The precipitate was filtered and washed with cold water to give 14.16 g of crude 
product. The crude product was suspended in 823 mL 95% aqueous isopropanol. The suspension was 
75 heated to reflux and 3.20 mL (49.3 mmoles) of methanesulfonic acid was added. The mixture was kept at 
room temperature overnight, filtered and dried to yield 8.12 g of titled compound, mp > 270 °C. 



Method 2 

A mixture of 0.3 g (1.01 mmole) 1-(1 ( 1-dimethylethyl)-6-fluoro-7-^ 
boxy lie acid and 0.3 g (3.48 mmoles) piperazine in 1 mL pyridine was heated under reflux for 18 hours. 
After cooling the mixture was concentrated under reduced pressure. The residue was poured in lOmL of 
10% acetic acid. After filtration of little insoluble the solution was taken to pH 6.5. saturated with brine and 
extracted three times with dichloromethane. After evaporation the resulting solid obtained was purified in 
water to give 0.15 g of 1-(1,lKiimethylethylH.^ihydro^ 
acid purified as in method 1 . 

The following compounds were also prepared by following substantially the above procedure: 

30. 

EXAMPLE 2 

7-[4-(CYCLOPENTEN-3-YLH -PIPERAZINVLH -(1 ,1 -DIMETHYLETHYL) 1 .4-DIHYDRO-6-FLUORO-4- 
OXO-3-QUINOUNECARBOXYLIC ACID, HYDROCHLORIDE 



EXAMPLE 3 

7-(8-METHYL-3,8-DlAZABICYCLOr3.2.1 1QCTAN-3-YLH "(1 ,1 -DIMETHYLETHYLH .4-DIHYDRO-6- 
40 FLUORO-40XO-3-QU1NOUNECARBOXYUC ACID, HYDROCHLORIDE. MP 308° C. 



20 



25 



EXAMPLE 4 

45 7-K3-PHENYLH-PIPERAZINYL}-1-(1 ,1 -DIMETHYLETHYLH ,4-DIHYDRO-6-FLU0RO-4-OXO-3- 
QUINOUNECARBOXYUC ACID, METHANESULFONATE. MP > 300°C. 



50 



EXAMPLE 5 

7H3-AMINO-3-METHYL-PYRROLIDIN-1 -YLH -(1 .1 -DIMETHYLETHYL)- 1 t 4-DtHYDRO-4-OXO-8-FLUORO- 
3-QUINOLlNECARBOXYUC ACID. MP>260°C 



55 
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EXAMPLE 6 

1 -(1 .1 -DIMETHYLETHYLH ,4-DIHYDRO-6-FLUORO-7-(4-METHYL-1 -P1PERAZINYU-4-0XO3* 
QUINOLINECARBOXYUC ACID, HYDROCHLORIDE 
5 A mixture of 1.4 g (4.7 mmoles) 1-(1,1-dimethylethyl)-1 ,4-dihydro^7-dffluoro-4-oxo-3-quinolinecarbox- 
yfic acid and 2.08 mL (18.8 mmoles) N-methylpiperaztne were heated at 100°C under nitrogen for 18 hours. 
The mixture was evaporated to dryness under reduced pressure. The residue was dissolved in water and 
the solution was adjusted to pH 6.5 - 7.0 with 5N hydrochloric acid. The precipitate was filtered and washed 
two times with water and once with ethanol to give 0.63 g crude material, which was recrystalfized as its 
io hydrochloride in ethanol to give 0.54 g of the titled compound. MP > 270 °C. 

The following compounds were also prepared by following substantially the above procedure: 



EXAMPLE 7: 

7-(2.5"DIAZABICYCLOr2^^1QCTAN-2-YL)-1-(1 f 1-DIMETHYLETHYLH .4-DIHYDRO-6-FLUORO-4-OXO- 
3-QUINOUNECARBOXYUC ACID. MP 164°C. 



EXAMPLE 8: 

7-(1 S.4S-2,5-DIAZABICYCLO[2^.1 IHEPTAN-2-YLH-Q ,1 -DIMETHYLH .4-DIHYDRO-6-FLUORO-4-OXO- 
3-QUlNOUNECARBOXYLIC ACID. MP 243° C. [a] p = -188° (C = 0.25, 0.1N HCLK ' 



EXAMPLE 9: 

7-(3-(AMlNOMETHYLH -PYRROLIDINYLH -(1 t 1*DIMETHYLETHYLH«4-DIHYDRO-6-FLUORO*4-OXO-3- 
QUINOLINECARBOXYUC ACID. MP 231 °C. 



EXAMPLE 10: 

7-(3-(ETHYLAMlNO)METHYL-1 -PYRROUDINYLH-O .1-D1METHYLETHYL-1 .4-DIHYDRO-6-FLUORO-4- 
OXO-3-QUINOUNECARBOXYUC ACID 



EXAMPLE 11: 

40 7-(3-M ETHYL-1 -PIPERAZINYLH -(1 ,1 -DIMETHYLETHYLH .4-D1HYDRO-6-FLUORO-4-OXO-3- 
QUINOLINECARBOXYUC ACID 



EXAMPLE 12: 

7-((3.5-DIMETHYLH -PIPERAZINYLH1 ,1 -DIMETHYLETHYLH .4-DIHYDRO-6-FLUORO-4QXO-3- 
QUINOUNECARBOXYUC ACID. MP 197 W C. 



a 
a 

O 



20 



30 



35 



50 EXAMPLE 13: 

7-(4-(DIMETHYLAMIN0)-1'PIPERAZINYLH*(1 ,1 *DIMETHYLETHYLH .4-DIHYDRO-6-FLUORO-4-OXO- 
3-QUlNOUNECARBOXYUC ACID. MP 226°C. 

55 
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EXAMPLE 14: 

7-(1 R,4R-2.5-DIAZABICYCLO[2J2.1 ]HEPTAN-2-ylH-(1 .1 DIMETHYLETHYLH ,4-DIHYPRO-6-FLUORO- 
4-OXO-3-QU1NOL1NECARBOXYUC ACID. MP 250°C. [a] 0 = + 172 ° (0^=0.25% 0.1 N HCI) . 



EXAMPLE 15: 

7-(4-(1 ,1 -D1METHYLETHYLH -PIPERAZINYLH -(1 .1 "DIMETHYLETHYLH ,4-DIHYDRO-6-FLUORO-4- 
70 OXO-3-QUINOLINECARBOXYLIC ACID 

A mixture of 0.45 g (1.51 mmoles) 1-(1,1-dimethylethylH.4^lbydro-7^ 
quinolinecarboxylic acid and 0.65 g (4.56 mmoles) 1-(1 t 1-dimethylethyl)piperazine in 2 mL N-methylpyr- 
rolidone were heated 5 hours at 100°C. The solvent was evaporated under reduced pressure. The residue 
was tritured In water. The precipitate was recrystallized in ethanol to give 0.136 g of titled compound. MP > 
75 270°C. 



EXAMPLE 16: 



a 
a 



20 7-PIPERAZINYL-1-(1 ,1-PlMETHYLETHYLH ,4-D1HYDRO-6,8-PlFLUORO-4-OXO-3- 
QUINOLINECARBOXYUC ACID 

To a refluxing solution of 0.87 g (10 mmoles) piperaztne in 15 mL acetonitrile was added portionwise 
1,10 g(3.36 mmoles) of 1-(1 ,1-dimethylemylH.4-dihydro-6,7,8-^^ carboxylic add 

..^ ethyl ester in 15 minutes. The mixture was refluxed 7 hours, cooled and evaporated to dryness. The residue 

2s was worked up with dichloromethane and brine to give 0.89 g of crystalline product which was used without 
4^ further purification. 

CI 0.805 g (2,04 mmoles) of 7-ptperazinyM-(1,1 dimethylethylh1.4KJihydro^ # 8<lffluoro-4K>xo-3- 

03 quinolinecarboxylic acid ethyl ester was hydrolyzed with 1,05 mL 2N NaOH for two hours. The solution was 

evaporated to dryness neutralized with 5% acetic acid (pH 7.0). The solid was filtered to give 0.585 g of 
h& 30 titled compound. 

|lj The following compounds were also prepared by following substantially the above procedure. 



35 



EXAMPLE 17: 

7-(3-(ETHYLAMtNO)METHYL-1 -PYRROLIDINYL)-1-{1 ,1 -DIMETHYLETHYLH ,4-DIHYDRO-6.8- 
DIFLUORO-4-OXO-3-QUINOLINECARBOXYL1C ACID 



40 EXAMPLE 18: 

7-(1 R,4R-2,5»PIAZABICYCLOr2.2.1 ]HEPTAN-2-YLH-(1 ,1 -DIMETHYLETHYLH t 4-DIHYDR06.8> 
DIFLUORQ4-OXO-3-QUINOUNECARBOXYUC ACID. MP > 260°C. 

45 

EXAMPLE 19: 

7-(3-AMlNO-1-PYRROUPINYLH-(1 ,1 -DIMETHYLETHYLH ,4-P<HYPRO-6-FLUORO-4-OXO-3- 
QUINOUNECARBOXYUC ACID, HYDROCHLORIDE 

so A mixture of 600 mg (2.13 mmoles) 1 -(1 ,1 -dimethy lethylH ,4Kiihydix>^,7HjffluoiT>~4^o-3-quinoUnec^- 
boxylic acid, 700 mg (3.2 mmoles) of 3-trtfluoroacetylamino pyrrolidine hydrochloride and 1.3 mL (8.5 
mmoles) of 1 ,8-diazabicyclo[5.4.0Jundec-7-ene in 3 mL pyridine was stirred 30 minutes at room tempera- 
ture, evaporated to dryness and poured into water. The pH was adjusted to 7.5 with IN hydrochloric acid. 
The precipitate was filtered to give 430 mg of 7-(3-trifluoroacetylami^ 

55 1,4-dihydro-6-fluorc>^xo-3-quinolinecarboxy acid. mp200°C dec. 409 mg (0.92 mmole) of that com- 
pound was suspended in 2 mL IN NaOH and refluxed 2 hours. The solution was cooled and diluted with 
water, the pH was adjusted to 7.5 with 10% acetic acid. The precipitate was filtered, washed with water, 
dried and recrystallized as an hydrochloride in ethanol to give 180 mg of titled compound. MP > 270°C. 



21 



0 266 576 



EXAMPLE 20 

7-PIPERAZINYL-1-0 1 1 -DIMETHYLETHYLH t 4-DIHYDRO-6-FLUORO-40X01 .8-NAPHTHYRID1NE-3- 
CARBOXYUC ACID 

To a refluxed solution of 487 mg (5.65 mmoles) piperazine in 30 mL acetonrtrile was gradually added 
612 mg (1.87 mmole) of 1-(1.lKJlmethylethylM^ 

boxy lie acid ethyl ester over a 10 mn period. The solution was refluxed 30 minutes and evaporated to 
dryness. The residue was taken up in water and filtered to give 435 mg of 7iDiperazinyM-(1.1- 
dimethylethyl)-1,4Klihydro^fluoro-4^xo-1 f 8^aphthyridine-3-carboxylic acid ethyl ester. 

This ester 400 mg (1.06 mmoles) was suspended in 1 mL water, 1,9 mL IN aqueous sodium hydroxide 
was added. The suspension was refluxed 30 minutes. The solution was cooled and adjusted to pH 7.5 with 
IN hydrochloric acid. The precipitate was filtered and washed with water. The crude product was 
recrystallized in water to give 248 mg of titled compound. MP > 270°C. 

The following compounds were also prepared by following substantially the above procedure. 



EXAMPLE 21: 

7-<3-METHYL-1-PIPERAZlNYLH-(1 .1 -DIMETHYLETHYLH T 4>DiHYDR0-6-FLU0R0-4-0XO1 ,B- 
NAPHTHYRIDINE-3-CARBOXYUC ACID 



EXAMPLE 22: 

7-{1 S.4S-2,5-DIAZABlCYCLOr2.2.1 ]HEPTAN-2-YLH -0 .1 -DIMETHYETHYLH .4-D1HYDRO-6-FLUORO-4- 
0XO1.8-NAPHTHYR1DINE-3-CARBQXYUC ACID . 
MP 250°C, [a]° = -196° (C * 0.25. 0JN HCI) 



EXAMPLE 23: 

7^1 S > 4S-2,5-DlAZABICYCLOr2^.210CTAN-2-YL)-1-<1 ,1 -DIMETHYLETHYLH .4-DIHYDRO-6-FLUORO-4- 
0XO1.8>NAPHTHYRIDlNE-3-CARBQXYUC ACID. MP 268°C. 



EXAMPLE 24 

7-(4>(CYCLOPENTEN-3*YLH'PlPERAZINYL)-1>(1 ,1 -DIMETHYLETHYL)1 .4-D1HYDRO-6-FLUORO-4- 
OXO-1,8-NAPHTHYRlDlNE-3-CARBOXYLlC ACID. MP 222»C. 



EXAMPLE 25: 

y^^AMfNOMETHYLVI'PYRROUDINYLVI-CI^'DIMETHYLHTHYLVI .4-D1HYDRO-6-FLUORO-4-OXO- 
1 t 8*NAPHTHYRIDINE-3-CARBOXYLIC ACID. MP 254°C. 



EXAMPLE 26: 

7-(3^(ETHYl^lNO)METHYLH~PYRROU 
4-OXO-1 ,8-NAPHTHYRlDINE-3-CARBOXYUC ACID. MP 254°C. 



EXAMPLE 27: 

7-(3-METHYL-1-PlPERAZlNYLH-<1 .1 ■DIMETHYLETHYLH .4-D1HYDRO6-FLU0RO4OXQ-1 ,8- 
NAPHTHYRID1NE-3-CARBOXYUC ACID. MP 205°C. 
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EXAMPLE 28: 

7-(3.4-DIMETHYL-1-PIPERAZlNYLH-(1 .1 -DIMETHYLETHYLH .4OIHYDR0-6-FLU0R0-4-0XCM ,8- 
N AP HTH YRI DIN E-3-C ARBOXYUC ACID. MP 204° C. 



EXAMPLE 29: 

7-(3-PHENYL-1-PIPERAZINYLH1 ,1 ■DIMETHYLETHYLH ,4-DIMETHYLETHYLH ,4-DIHYDRO-6- 
FLUOR(>4-OX<>1,8>NAPHTHYRiDINE-3-CARBOXYUC ACID, METHANESULFONATE. 



EXAMPLE 30: 

7-(1 R.4R-2.5-DIAZABICYCLO[2.2,1 ]HEPTAN-2-yl>-W1 ,1 -DIMETHYLETHYLH .4-DIHYDRO-6-FLUORO- 
4-OXO-1 ,8-NAPHTHYRIDINE-3-CARBOXYUC ACID. 

To a suspension of 440 mg (1.69 mmoles) 1R,4R-2,5K)iazabicyclo[2.2.1]heptane, dJhydrobromkte and 
418 mg (1.28 mmoles) 1-{1 ( 1 dimethylethylH ,4-dlhydro-6-fluoro-7-chloro-4-oxo-1 ,8-naphttiyrldine-3-carbox- 
ylic acid ethyl ester in 8 mL pyridine was added 0.67 g (4.4 mmoles) 1 ,8-diazabicydo[5.4.0]undec-7-ene. 
The solution was refluxed 4 hours, evaporated to dryness under reduced pressure. The residue was taken 
in cold water. The precipitate was filtered to give 193 mg of 7^1R,4R-2,5H*iazabicydo[2£.1]heptan-2-ylH- 
(1 jK*imethylethylH*4<tthydro^Mta^^ acid ethyl ester. 

This ester 193 mg (without further purification) was suspended in 1,96 mL IN aqueous sodium 
hydroxide and refluxed 30 minutes. The solution was cooled and brought to pH 7.5 with 6N hydrochloric 
acid. The precipitate was filtered and washed three times with water and two times with ether to give 170 
mg of titled compound. MP 250°C. [af = + 173° (c = 0.25. OIN HCI) 
Methanesulfonate salt MP 304°C, [af = + 158,6°(c = 0-25, 0JN HCL). 



EXAMPLE 31: 

The following compound was prepared by following substantially the procedure of Example 30: 
7-(1 R,4R-5-METHYL-2,5-DIAZABlCYCLO[2.2.1 1HEPTAN-2-YLH -(1 ,1 -DIMETHYLETHYLH .4-DIHYDRO-6- 
FLUORO-4-OXO-1 .8-NAPHTHYRIDINE-3-CARBOXYLIC ACID 

The following compound was also prepared by the above procedure of Example 30 except that the 
condensation step lasted 24 hours: 



EXAMPLE 32: 

7-(8-METHYL-3 t 8-PiAZABICYCLO[3.2.1 1QCTAN-3-YLH-Q ,1 -DIMETHYLETHYLH .4-DIHYDRO-6- 
FLUOR04-OXO-1,8-NAPHTHYRIDINE-3-CARBOXYUC ACID, METHANESULFONATE SALT- 



EXAMPLE 33: 

7-(3 f 8-DIAZABICYCLOr3^.1K>CTAN-3-YL)-1-(1 ,1 ■DIMETHYLETHYLH .4-DIHYDRO-6-FLUORO-4-OXO- 
1 ,8-NAPHTHYRIDtNE-3-CARBOXYLIC ACID, METHANESULFONATE 

A mixture of 653 mg (2 mmoles) 1 -(1 ,1 -dimethylethylH ,4<iihydit)-6^uoro-7K^loro-4-oxO"1 3- 
naphthyridine-3-carboxylic acid ethyl ester and 732 mg (3 mmoles) 8-trtfluoroacetyl-3,8-diazablcyclo[3^.1h 
octan.hydrochloride and 985 mg (6.48 mmoles) 1.8-diazabicyclo[5.4.0] undec-7-ene in 30 mL acetonitrile 
was heated at 60°C for 72 hours. The solution was cooled and evaporated to dryness. The residue was 
worked up with dichloromethane and water. The organic layer was dried over magnesium sulfate and 
evaporated to give an oil. Purification was achieved by silicagel column chromatography to obtain 220 mg 
of 7-(8-trifluoroacetyl-33-diazabicycJo[3^.1 Joctan-3-y IH -<1 .1-dimethylethylH ,4-dihydro-6-fluoro-4-oxo-1 3- 
naphthyridine-3-carboxylic acid ethyl ester. MP 205 °C. 
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The above ester (200 mg) was suspended in 1.64 mL IN aqueous sodium hydroxyde for three hours. 
The solution was cooled and the pH adjusted to 7.4 with 2N hydrochloric acid. The precipitate was filtered, 
dissoved in 25 mL methanol, 27 uL methanesulfonic acid was added, the suspension was heated to reflux, 
filtered while hot, cooled. The precipite was filtered to give 100 mg of titled compound. MP 300 °C. 



EXAMPLE 34: 

The following compound was also prepared by the above procedure except that after alkaline hydrolysis 
ro and the pH adjusted to 7.4, the solution, after filtration, was evaporated to dryness. The residue was 
recrystallized in a mixture of isopropanol-ethanol 60/40: 

7-(2-AMINOMETHYL-MORPHOUN-U-YLH-(1 ,1-DIMETHYLETHYLH , 4-D1HYDRO-6-FLUORO-4-OXO-1 ,8- 
NAPHTHYRIDINE-3-CARBOXYUC ACID. 



75 



EXAMPLE 35: 



The following compound was prepared by following substantially the procedure of Example 33: 
7-(3-AMINQ3-METHYL-PYROUD1N-1 -YLH -(1 ,1 *DlMETHYLETHYL)-6-FLUORO-1 .4-DIHYDRO-4-OXQ1 ,8- 
?J3 20 NAPHTHYRIDlNE-3-CARBOXYCLIC ACID. MP >260°C 

S 

Q EXAMPLE 36: 

y * 

„jg 25 7"(3>AMINO"1-PYRROLIDINYLH^1.1"DIMETHYLETHYLH ,4-DIHYDRO-6-FLUORO-4-OXO-1,8- 

Jj NAPHTHYRID1NE-3-CARBOXYLIC ACID 

|tj To a suspension of 327 mg (1 mmole) 1-(1,1-dimethylethyl)-1,4-dihydro-6-fluoro-7-chloro-4-oxo-1,8- 

naphthyridine-3-carboxylic acid ethyl ester in 33 mL acetonttrile was added successively 615 mg. (3 
^ mmoles) of 3-trifiuoroacetylamino-pyrrolidine f hydrochloride and 415 mg (3 mmoles) anhydrous potassium 

30 carbonate. The suspension was stirred overnight and evaporated to dryness. The residue was taken up in 7 
mL water, filtered and washed three times with 5 mL water recrystallized in ethanol to give 400 mg of 7-(3~ 
trifluoroacetylamino-1 -(1 -pyrrolidiny l)H -(1 ,1 -dimethylethy l)-1 ,4-dihydro-6-fiuoro-4-oxo-1 ,8-naphthyridine-3- 
carboxylic acid ethyl ester. MP 240°C. 
□ This ester (370 mg - 0.78 mmole) was suspended in 3.1 mL IN aqueous sodium hydroxide and 

35 refluxed one hour. The solution was cooled and adjusted to pH 7.8 with IN HC1. The precipitate was filtered 
and washed with water to .give 250 mg of titled compound. MP 260 °C dec. 



f ■ y 



EXAMPLE 37 

40 

7^3-nOJOROMETHYL-PIPERAZIN-4-YLH-(1 ,1-DIMETHYLETHYLH ,4-DIHYDRO-6-FLUORO-4-OXO- 
1,8-NAPHTHYRIDINE-3-CARBOXYUC ACID 

This compound was prepared by following substantially the procedure of example 33 except the 
reaction lasted one hour. 

45 

EXAMPLE 38 

7-(3-AMINOMETHYL-PIPERAZIN^YLH^1,1-DIME 
60 NAPHTHYRIDINE-3-CARBOXYUC ACID 

This compound was prepared by following substantially the procedure of example 32. 



55 



EXAMPLE 39 

7K3-FLUOROMETHYL-PIPERAZIN-4-YLH-(1 ,1-DIMETHYLETHYLH ^IHYDRO-e-FLUORO^OXO^- 
QUINOUNE-CARBOXYUC ACID 

This compound was prepared according to example 19. 
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EXAMPLE 40 

7-(1 t 4-DIAZABICYCLOr3.2.1 ]OCT-4-YLH -(1 1 1 -DIMETHYLETHYL)-1 ,4-DIHYDR06-FLUORO-4>OX01 ,8- 
NAPHTHYRIDINE-3-CARBOXYUC ACID 

This compound was prepared according to example 36. (The condensed amine was prepared by 
following the procedure described by PA. STURM, M. CORY, D.W. HENRY, J.W. McCALL and J.B. 
ZIEGLER in J. Med. Chem. 1977, 20, 1333). 



EXAMPLE 41 

7-(3,8-DIAZABICYCLO [3.2.1] OCT»8-YLKH1 ,1-DIMETHYLETHYLH .4-OIHYDRO-6-FLUORO-4-OXO- 
1.8-NAPHTHYRIDINE-3-CAHBOXYLIC ACID 

a) 7-(3--benzyl-3,8-diazabicyclo [3.2.1 ] oct-8-yl)-1 -(1 ,1 -dimethytethy I)- 1 f 4Kiihydro-6*fluoro-4-oxo-1 ,8- 
naphthyridine-3-carboxylic acid ethyl ester was mainly obtained according to procedure described in 
example 33 by condensing 3-benzyl-3.8-diazabicydo [3.2.1] octane, dihydrochloride with the corresponding 
1 -(1,1 -dimethytethy I) naphthyridine in presence of 1 ,8-diazatwcyclo [5.4.0] undec-7-ene In acetonrbile. 
b) This benzyl product was hydrogenized in methanol in presence of 10% palladium on carbon to give 7- 
(3,8-diazabicyclo [3.2.1 1 oct-8-yl)-1 -(1 ,1 -dimethy lethylH ,4-dihydro-6-fluoro-4-oxo-1 ,8-naphthyridine-3-car- 
bocylic acid ethyl ester which was hydrolyzed according to the procedure described in example 33 to give 
the title compound. 



EXAMPLE 42 

7-(3-AMINO-4-METHYL-1-PYRROUDINYLH-(1 ,1-DIMETHYLETHYLH ,4-DIHYDRO-6-FLUORO-4~OXO- 
1 .8-NAPHTHYR1DINE-3-CARBOXYUC-ACID 
(CIS and TRANS MIXTURE) 

This compound was obtained as described in example 36. M.P. 270 °C. 



EXAMPLE 43 

7K4-AMINOMETHYL-3-HYDROXY-1 -PVRROUDINYLH -(1 , 1 -D1METHYLETHYL)1 ,4-DIHYDRO-6- 
FLUORO-4-OXO-1 .8-NAPHTHYRIDINE-3-CARBOXYUC ACID HYDROCHLORIDE 
This compound was obtained according to the procedure described in example 33. 



EXAMPLE 44 

7-(4-AMINOMETHYL-3-HYDROXY-1-PYRROUDINYL>-1-(1 ,1-DIMETHYLETHYLH .4-DIHYDRO-6- 
FLUORO-4-OXO-QUINOUNE-3-CARBOXYLJC ACID 

This compound was obtained as described in example 19. 



PREPARATION O F NEW AMINES 
EXAMPLE A 

1 -(4-TOLUENESULFONYLM-HYDROXY-D-PROUNE ETHYL ESTER 

To a cold solution of 10 g (50 mmoles) of 4-hydroxy-D-proline ethyl ester, hydrochloride (prepared 
according to G. L BAKER; S. J. FRFTSCHEL; J. R. ST1LLE and J. K. STILLE; J. Org. Chem. 1981, 46,2954) 
in 100 mL dry pyridine at +5°C was added portionwise 10.66 g (56 mmoles) of 4-toluenesutfonyl chloride. 

The resulting dark solution was stirred 24 h at +5°C and evaporated to dryness. The residue was taken 
up in 2000 mL dichloromethane and was washed with 2N hydrochloric add then with water. The organic 
layer was dried over MgSO*. filtered and evaporated to dryness. The oily residue was crystallized fn 
diisopropyl ether to yield 13.70 g of titled compound. MP 78°C. [ap» +79-39° (c » 1.8, ethanol) 
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1-(4-TOLUENESULPOr4YL}-4-(4-TOLUENESULFONYLOXY>-P-PROUNE ETHYL ESTER 

JTo a cold solution of 11.85 g (38 mmoles) 1-(4-toluenesulfonyl)-4-hydro)cy-D-prolin0 ethyl ester in 37 
mL'pyridine af file was added 8.0 g (41 mmoles) of 4-toluenesulfonyl chloride portionwise in 15 minutes. 
Tfie cold solution was stirred one hour at 0°C and then 48 h at room temperature. Water (100 mL) was 
added, dropwise in the solution cooled at 0°C which was stirred 30 minutes at 0°C. The precipitate was 
filtered and washed with cold water and ether to give 15.55 g of titled compound. MP 122°C. [aF°= 
+ 26.36°(c = 2, chloroform) 

1W4-TOLUENESULPONYLW4-TOLUENESUt^ONYLOXY-2-HYDROXYMETHYlPYRROUDINE 

To a stirred solution of 4.67 g (10 mmoles) 1^4-toluenesulfonyl)^(4-toluenesulfonyloxyhD-proline ethyl 
ester in 45 mL tetrahydrofuran at 0°C was added 0.77 g (35 mmoles) of lithium borohydride. The 
suspension was stirred one hour at 0°C and then one hour at room temperature. More lithium borohydride 
0.15 g (6.9 mmoles) was added and the suspension was stirred overnight at room temperature. The 
suspension was cooled at 0°C and 5N hydrochloric acid was added dropwise until no gas released. The 
suspension was; evaporated: to dryness under reduced pressure. The residue was taken up in water and 
ethylaeetate- The organic layer was washed with little water and brine, dried over MgSC>4 and evaporated to 
dryness under, reduced pressure; to afford 4.16 g of titled compound. 
MP93?C; [o}* r ==+-14 0 (c -2, ethanol) 



l-^TOLUENESUI^Orr^ 
PYRROLIDINE 

To a cooled solution of 1.83 g (9.6 mmoles) 4-toluenesulfonyl chloride in 10 mL pyridine at +10°C was 
added 3.40 g (8 mmoles) of l-(4-toluenesulfonylh24iydroxy^ and 
the mixture was stirred 18 hours. The solution obtained was then poured into 50 mL ice-cooled 2N 
hydrochloric acid. The precipitate was filtered, washed with water and ether. The crystalline product was 
purified in boiling water and ether. The crystalline product was purified in boiling ethanol to give 3.94 g of 
titled compound. MP 153°C[af= +46.7°(c * 1.9,acetone) 



1 R^R^-^TOLUENESUIJOrm.^^ )HEPTANE 

A mixture of 3.6 g (6.2 mmoles) l^4-toluenesuWonyl)-2K4-toluenesulfonyloxymethylH-(4-toluenesul- 
fonyloxy)-pyrroildine and 1.99 g (18 mmoles) of benzylamine in 12 mL toluene was heated under reflux for 
72 hours. The mixture was cooled, the benzylamine toluenesulfonate was filtered off. The filtrate was 
evaporated to dryness and flash chromatographied with dichioromethane-ethyl acetate 70:30 to yield 0.74 g 
titled compound, mp 118°C; [o] D = +13.9* (c = 0.4, chloroform) 



1 R.4R*5-PHENYl3rtETHYL-2J>-DIAZABICYCLO-(2.2.1)HEPTANE. DIHYDROBROMIDE 

To a hot solution of 17 mL hydrobromic acid 33% in acetic acid at 70°C was added 1 g (ZB mmoles) 
of lR,4R-2K4-toluenesulfonyl)-5i3henylmethyl-2,5Hjia2abic^clo (2A1) heptane. The solution was stirred for 
12 hours at 70°C. The suspension was cooled and concentrated to one third, cooled to 10°C. The 
precipitate was filtered, washed with acetic acid and acetone to afford 0.9 g of titled compound. MP 275°C; 
[o] D =-0.38°(C * 1, H2O) 



1 R.4R-2.5-D1AZABICYCLCH2.2.1 1HEPTANE, DIHYDROBROMIDE 

A suspension of 6.6g (1&8 mmoles) 1R,4R-5-phenylmethy»-2 f 5-diazabicyclo(2-2.1)heptane 
dihydrobromide and 3.0 g 10% Pd on C was hydrogenated at atmospheric pressure. The reaction was 
complete in about 4 hours. The catalyst was filtered off and the filtrate was evaporated. The residue was 
slurried in ethanol, filtered to give 4.34 g of titled compound. [a}° = -20.4° (c « 1 A 0.1 N HCI) 
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EXAMPLE B 

2-(N-PHTHALIMlDE)METHYL^PHENryi^lETHYLM0RPH0UNE 

5 A suspension of 6.42 g (28.4 mmoles) 2-chloromethyM-phenylmethyl morpholine (prepared according 
to F. LOFTUS, Synth. Communications, 10 (1), 59 (1980)) and 5.18 g (28.0 mmoies) of potassium 
phthalimide in 15 mL dry dimethylformamide were stirred 48 hours at 120-130°C. The suspension was 
cooled and poured into ice-water, extracted twice with ethyl acetate, washed with brine, dried over MgSO*. 
The residue was recrystailized from isopropanol to yield 6.54 g of titled compound. MP 133°C. 

10 

2-AMINOMETHYL-4-PHENYLMETHYLMORPHOL1NE 

A suspension of 3.36 g (10 mmoles) 2-(N-phthalimido)methyl-4-phenyl methylmorpholine was refluxed 
75 with 125g (25 mmoles) of hydrazine hydrate 85% in 50 mL ethanol for two hours. The suspension was 
cooled and then filtered off. The filtrate was evaporated to dryness, taken up with ether, filtered again and 
the filtrate concentrated under vacuum to give 2.05 g of titled compound as an yellow oil. 



50 2-(N-TRIFLUOROACETYL)AMINOMETHYL-4-PHENYLMETHYLMORPHOUNE 

A mixture of 6.1 8g (30 mmoles) 2*aminomethyh4-phenylmethylmorphofine and 20 mL trffluoroacetic 
anhydride was refluxed 15 minutes. The mixture was cooled, and evaporated to dryness. The residue was 
taken up in ethyl acetate, washed with ice cooled 1N aqueous sodium hydroxyde, water and brine, dried 
25 over MqSOa and evaporated to dryness. The residue was crystallized in ether to afford 7.84 g of titled 
compound. MP 118°C. 



2*(N*TRIFLUORQACETYL)AMINOMETHYL-MORPHOLlNE, HYDROCHLORIDE 

30 

A suspension of 7.92 g (26.2 mmoles) 2-(trtfluoroacetyl)aminomethyM-phenylmethyl morpholine and 
l.7g 10% Pd on C was hydrogenated at atmospheric pressure. The reaction was complete in about 3 
hours. The catalyst was filtered off and the filtrate was evaporated to dryness and 4.92 mL ethanolic 5N 
hydrochloric acid was added to the oily product in 50m L ethanol. The solution was evaporated to dryness 
35 and crystallized by scratching in ether to yield 4.19 g of crude product which was recrystailized in 
isopropanol to give 2.82 g of titled compound. MP 186°C. 



EXAMPLE C 

40 

3-BENZYL>2,4-DIOXO-3,8-DIAZABICYCLO(3,2.1)OCTANE 

A mixture of 3^nzyl-2.4Kiioxo^methyl-3 ? 8Hdiazabi(^clo<3^.1)cK^e (US Pat 3,328,396) (1.05 g) and 
pyridinium hydrochloride (5 g) was heated in an oil-bath at 220°C for 25 minutes. After cooling, the mixture 
45 was taken up with water (30 mL) and extracted with ether. The organic layer was dried over magnesium 
sulfate, evaporated to give 0.45 g of crude product which was chromatography over silica get using 
dichloromethane - ethyl acetate 80:20 as eluent to give 0.3 g of crystallized titled product MP 72°C. 



50 3-BENZYL-3,8-DIAZABlCYCLO(3.2.1 )OCTANE 

A solution of 3-benzyl-2,4-dioxo-8-methyl-3,8-diazabicyclo (3.2.1 )octane (2.05 g, 8.91 mmoles) in dry 
ether (100 mL) was treated gradually with lithium aluminum hydride (1.52 g, 4 mmoles), heated under reflux 
for one hour, and hydrolyzed successively with 50 mL of water-saturated ether and then 10 mL of water. 
55 This mixture was filtered on a ceiite pad. The filtrate was dried over magnesium sulfate and then evaporated 
to give the crude titled product which was used without any purification for further uses. 



27 



0 266 576 



3-BENZYL-8-TRIFLUOROACETYL-3,8-DIAZABICYCLO(3.2.1 )OCTANE, HYDROCHLORIDE 

Trifluoroacetatic acid anhydride (4.6 mL) was added to ice-cooled 3-benzyl-3,8-diazabicyclo(3.2.1)- 
octane (1.4 g, 6.9 mmoles). The resulting mixture was heated under reflux for 15 minutes, cooled, diluted 
5 with ethano! (20 mL) and treated with 2 mL of 5N hydrochloric acid in ethanol, evaporated to dryness. The 
so-obtained solid was taken-up with ether, collected by filtration, and dried in vacuo to afford 1 .6 g of titled 
compound. MP 176°C. 



70 8-TRIFLUOROACETYL-3.8-DIAZABICYCLO(3.2.1)OCTANE 

A solution of the 3-benzyl^trifluoroacetyl-3,8-diazabic^clo-(3J2.1)octane hydrochloride in 50 mL of 
methanol was hydrogenated at atmospheric pressure in the presence of 10% Pd/C (0.5 g) until the 
theoretical quantity of hydrogen was absorbed. The mixture was filtered and the filtrate was evaporated to 
75 dryness to yield 1.08 g of titled compound as a white solid. MP 224°C (dec). 



EXAMPLE D 

*£J 20 1 -(CYCLOPENTEN-3-YUPIPERAZINE 

Q 3-chlorocyclopentene (306 mmoles, 36.9 g) was added dropwise to a solution of anhydrous piperazine 

Q (496 mmoles, 36.9 g) in dry methanol (350 mL) at -13°C. The final solution was stirred at -13°C for 15 

ff\ minutes and at room temperature for one hour. The solvent was evaporated to dryness, and the residue 

~jg 25 was first taken up with chloroform and then filtered to eliminate the precipitate. After elimination of 

J chloroform by evaporation the filtrate give 10 g of 1-(cyclopenten-3-yl) piperazine (yellow oil). 



L EXAMPLE E 

l£ 2-CARBOXYETHYL-1 ,4-DI-PHENYLMETHYL PIPERAZINE 

%l To a solution of 43.29 g (166.0 mmol) of ethyl 2,3-dibromopropionate in 145 ml of benzene warmed at 

Q 40°C was added dropwise a solution of 40 g (166.0 mmol) of N.N'-dibenzylethylenediamine and 46.2 ml 

fU 35 (166.0 mmol) of triethylamine in 40 ml of benzene. The vigourous stirred suspension was heated under 

reflux overnight cooled and filtered. The benzene layer was washed three times with 50 ml of water. The 
organic layer was dried over magnesium sulfate. After evaporation 58.95 g of a thick oil was obtained which 
was purified by chromatography using dichloromethane/ethyl acetate (90:10) to yield 50.4 g (89.7%) of title 
compound. 



2-HYDROXYMETHYL-1 ,4-DI-PHENYLMETHYL PIPERAZINE 

In a dry flask were carefully placed 5.67 g (150 mmol) of lithium aluminum hydride to which were 
45 added 110 ml of absolute ether. The suspension was flushed with nitrogen and cooled to -5°C. Then a 
solution of 25 g (73.0 mmol) of 2-carboxyethyl-1,4-di-phenylmethyl piperazine in 110 ml of absolute ether 
was added dropwise. After complete addition the suspension was heated under reflux for three hours, 
cooled in an ice-bath. Excess of hydride was carefully destroyed with 6.3 ml of water. Insoluble material 
was filtered off and the ether layer was washed with water and dried over magnesium sulfate. After 
so removing of the solvent it was obtained 18.85 g. (86%) of title compound MP 77° C. 



2-FLUOROMETHYL-1 ,4-DI-PHENYLMETHYL PIPERAZINE 

55 To a solution of 0.6 g (3.7 mmol) of diethylamino-suifur trifluoride in 5 ml dichloromethane cooled at 
-78°C under nitrogen was added dropwise a solution of 1 g (3.4 mmol) of 2-hydroxymethyM ,4-di- 
phenylmethyl piperazine in 5 ml dichloromethane. The temperature of the solution was allowed to warm to 
-50 °C in 30 mn then to 0°C in 1hr 30 min. The solution was stirred two more hours at room temperature 
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and cooled back to +5°C. A few drops of aqueous saturated solution of sodium bicarbonate were added 
until basic pH. The organic layer was washed twice with water, dried over magnesium sulfate, the solvent 
removed to give 1.10 g of an oil which was purified by chromatography using dichioromethane/ethyl acetate 
(95:5) to afford 0.46 g (42%) of title compound. 

5 

2-FLUOROMETHYL-PIPERAZINE, DIHYDROCHLORIDE 

A solution of 0.44 g (1.47 mmol) of 2-fluoromethyM ,4-di-phenylmethyl piperaztne in 20 ml ethanol was 
tq hydrogenized over 0.2 g of 10% palladium on carbon for 4 hours. The catalyst was tittered over a celtte 
pad t washed with water. To the filtrat was added 3.2 ml of IN aqueous hydrochloric acid. The solution was 
evaporated to dryness, taken up twice with absolute ethanol. The residue was crystallized in the minimum 
amount of absolute ethanol to give 0.22 g of white crystals of title compound (69%). MP. 232°C. 

T5 

EXAMPLE F 

2-CHL0R0METHYL-1 ,4-DI-PHENYLMETHYL PIPERAZINE 

20 A suspension of 23 g (62.3 mmol) of 2-hydroxymethyM ,4-di-phenylmethyl piperazine, djhydrochloride 

^ in 79 ml thionyl chloride was heated 4 hours under reflux. The solution was cooled and excess thtonyl 

-J chloride was evaporated under reduced pressure. The residue was crystal tzed in ethanol, dried with acetone 

Q to yield 16.5 g of title compound dihydrochloride M.P. 234°C dec. 

Q A suspension of this dihydrochloride in 130 ml 1_N aqueous sodium hydroxyde was stirred with 75 mi 

ijl 25 dichloromethane, the aqueous layer back washed three times with 75 ml dichloromethane. The organic 

J2 layers were collected and dried over magnesium sulfate to give after evaporation 15.44 g (78%) of title 

h|3 compound. 

IB 

L=, 30 2-PHTAUMIDOMETHYL-1 ,4-DI-PHENYLMETHYL PIPERAZINE 

gsfi A suspension of 15 g (47.6 mmol) of 2-chloromethyM ,4-diphenylmethyl piperazine and 8.81 g (47.6 

Ir, mmol) of potassium phtalimide in 7 ml anhydrous dimethyl form amide was stirred 2 hours at 110°C. After 

^ cooling the reaction mixture was taken up with 100 ml ethyl acetate. The mineral salts were filtered off. The 

^ 36 solvent was removed, the residue was dissolved in 150 ml ethyl acetate, washed three times with water, 
^ dried over magnesium sulfate to give a crystalline product which was recrystailized in isopropyl ether to 

yield 6.67 g (33%) of title compound. M.P. 124°C. 

40 2-AMINOMETHYL-1 ,4-DI-PHENYLMETHYL PIPERAZINE 

The solutionof 4.25 g (10 mmol) of 2-phtalimidomethy 1-1 ,4-di-phenylmethyl piperazine and 125g (25 
mmol) of hydrazine monohydrate in 50 ml ethanol was stirred 2 hours under reflux. Insoluble material was 
filtered off. The ethanol layer was evaporated to dryness to afford a residue taken up in 20 ml ethyl ether, 
4s filtered again and evaporated to give 3.0 g of the title compound as an oil. 

2-TRIFLUOROACETYLAMINOMETHYL-1 ,4-DI-PHENYLMETHYL PIPERAZINE, DIHYDROCHLORIDE 

so A suspension of 2.9 g (10 mmol) of 2-aminomethyM ,4-di-phenylmethyl piperaztne in 10 ml of 
trifluoroacetic anhydride was heated to reflux for 15 mn, cooled and evaporated to dryness. The residue 
was taken up in 40 ml ethanol and 5 ml SNhydrochloric add in ethanol. The solution was evaporated to 
dryness. The residue was triturated in 30 ml ethyl ether, the crystals were filtered and dried to give 3.98 g 
raw materia], which was purified by dissolving impurities in hot acetone to yield 3.11 g of the title 

55 compound. 
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2-TRIFLUOROACETYLAMINOMETHYL PIPERAZINE 

9 

To a solution of 3.1 g (6.7 mmol) of 2-trifluoroacetylaminomethyl-1,4-diph8nyimethyl piperazine 
dihydrochloride in 100 ml methanol was added a suspension of 0.5 g palladium on carbon in 2 ml water. 
The mixture was hydrogenized for 30 mn, the catalyst was filtered off and the solvent was removed, taken 
up in 10 ml absolute ethanol, evaporated again and crystallized in ether to yield 1.37 g of a white powder 
(72%) as title compound. 



EXAMPLE G 

3-BENZYL-2.4-DIOXO-3.8-DIAZABICYCLO [3.2.1] OCTANE 

In a dry flask were mixed 15 g of dry pyridine hydrochloride and 3.15 g (130 mmol) of 3-benzy 1-2,4- 
dioxo-8-methyi-3,8-diazabicyclo [3.2.1] octane prepared according to U.S. Patent N° 3.328.398 in 1967, 
June 27. The mixture was heated in an oil bath preheated at 220 °C for 20 mn, cooled in an ice-bath, 
dissolved in 90 mi water, extracted four times with 100 ml ethyl ether. The organic layers were collected 
and dried over magnesium sulfate. After removing the solvent, the residue was chromatographied over 
silica-gel using dichloromethane/ethylacetate (80:20) to afford 1 .5 g of the title compound (50%). M.P. 72°C. 



3-BENZYL-3,8-DIAZABICYCLO [3.2.1] OCTANE, DIHYDROCHLORIDE 

In a dry flask were carefully placed 1.5 g (39.5 mmol) of lithium aluminum hydride to which were added 
100 ml absolute ethyl ether. The suspension was flushed with nitrogen and cooled to 0°C. Then 1.7 g (7.4 
mmol) of 3-benzyi-2,4-dioxo-3,8-diazabicyclo [3.2.1] octane was added portions wise for 15 mn. The mixture 
was heated under reflux for 3 hours, cooled, and washed up with water. The reaction mixture was filtered 
over a celite pad. The solvant was removed and the oily product was transformed as its dihydrochloride to 
yield 1.54 g (59%) of title compound. M.P. 158°C. 



EXAMPLE H 

3-HYDROXY-4-AMINOCARBONYL-1 -PHENYLM ETHYL PYRROLIDINE 

A solution of 11.0 g (44.0 mmol) of 3-hydroxy-4-ethyloxycarbonyl-1-phenylmethyl pyrrolidine (prepared 
according to E. JAEGER and J.H. BIEL in J. Org. Chem. 1965, 30, (740) in 40 g of 25% ammonia in 
methanol was heated at 100° C under pressure overnight The solution was cooled and evaporated to 
dryness. The oily residue was purified by chromatography using dichloromethane-methanol (85:15) to yield 
2.14 g (22%) of the title compound. M.P. 128°C. 



3-HYDROXY-4-AMINOMETHYL-1 -PHENYLMETHYL PYRROLIDINE 

In a dry flask was place 1.34 g (35.0 mmol) of lithium aluminum hydride in 20 ml dry tetrahydrofuran 
cooled to -5°C. To this suspension was added dropwise 2.58 g (11.7 mmol) of 3-hydroxy-4-aminocarbonyl- 
1-phenylmethyI pyrrolidine. After completion of addition the suspension was warmed 2 hours under relux, 
cooled. It was successively added 35 ml dichloromethane, 50 ml tetrahydrofuran and 2.3 ml water. The 
suspension was passed through a celite pad. The solvent removed to give 2.19 g (90.8%) of title compound 
as an oil. 



3-HYDROXY-4-AMINOMETHYL-PYRROUDINE, DIHYDROCHLORIDE 

A solution of 2.19 g (10.6 mmol) of 3-hydroxy-4-aminomethyM-phenylmethyl pyrrolidine in 60 ml 
anhydrous methanol and 5.3 ml 5N hydrochloric acid in ethanol was hydrogenized over 1.83 g palladium on 
carbon for 17 hours. The catalyst was filtered off, the solvent removed to afford 1.39 g (70%) of title 
compound. 
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PREPARATION OF QUINOLONE AND NAFHTHYRIDONE INTERMEDIATES 
EXAMPLE I 

5 3^2 f 4-DICHLORO-5-R.UOROPHE^LV3^XO-2-(((1 t 1-DIMETHYL^ 
PROPANOIC ACID ETHYL ESTER 

A solution of 0.95 mL of tert-butylamine (9 mmoles) in 2 mL of dry ethanol was added to 3.02 g (9 
mmoles) of 3-(2,4-dichtoro-5-fluorophenyl)-3-oxo-2-ethoxy^ acid ethyl ester in 10 mL of 

dry ethanol at -5°C. 

to The resulting mixture was stirred at room temperature for one hour. The resulting precipitate was 
collected by filtration and washed with 3 mL of ethanol and 5 mL of petroleum ether to afford 1.35 g of 3- 
(2,4-dichloro-5-fluorophenyl)-3-ox^^ acid ethyl ester. MP 

87°C. 

The residual filtrate was evaporated to dryness. The resulting mixture (oil + solid) was crystallized in 3 
rs mL of isopropanol to give 1 .06 g more product MP 88-89 °C. 

EXAMPLE II 

20 3-(2.3A5-TETRAFLUOROPHEhm>^^ 
ACID ETHYL ESTER 

O A solution of 1 .77 g (24.2 mmoles) tert-butylamine in 2 mL ethanol was added to a mixture of 7:05 g (22 

O mmoles) of 3-(2,3,4 t 5-tetrafluorophenyl)-3K>xo-2-(ethoxymethylene)-propanoic acid ethyl ester and 9 mL 

Ijf 25 ethanol cooled in a bath containing ice and salt More ethanol (2.3 mL) was added and the mixture was 

«p stirred at room temperature for 2 hours. After cooling at 0°C, the resulting precipitate was filtered and 

,Q washed with ethanol to give 3.72 g of titled compound. MP 1 12°C. 

30 EXAMPLE III 

Hi 

3-(2 t 4 t 5-TRIFLUOROPHENYL)-3-OXO-2-(((1 ,1 -DIMETHYLETHYL)-AMINO)-METHYLENE)-PROPANOIC 
!J1 ACID ETHYL ESTER 

35 Tert-butylamine (6.2 mL 84.7 mmoles) was added to a solution of 13.15 g (43.5 mmoles) of 3-(2,4,5- 
^ trifluorophenyl)-3-oxo-2-(ethoxymethylene)-propanoic acid ethyl ester in 19 mL of dry ethanol at -15°C. 

After 5 minutes, the mixture was stirred at room temperature for one hour, and then concentrated to 
dryness. 

The crude residue (10.87 g) was crystallized from 25 mL of hexane to afford 7.22 g of titled compound. 
EXAMPLE IV 

6.7.8-TRIFLUORO-1-(1 ,1-DIMETHYLETHYLH ,4-DIHYDRO-4-OXO-3-QUINOLlNE CARBOXYUC ACID 
45 ETHYL ESTER 

A mixture of 3.5 g (11 mmoles) of 3-(2,3 A5-tetrafluorophenyl)-3-oxo-2^((1 ( 1-dimethylethyl)amino)- 
methylene)-propanoic acid ethyl ester, 35m L dioxane and 0.512 g (12.7 mmoles) of 60% sodium hydride 
was stirred at room temperature under nitrogen for 6 hours and then at 40-50°C for one hour, 
so The dioxane was eliminated. The residue was taken up with cold water, the resulting solid was filtered 
and dried to give a mixture which was chromatographed over 200 g of siticagel using toluene-ethylacetate 
80:20 as eluent There was collected 1.54 g of titled compound. MP 146°C. 



55 EXAMPLE V 
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6J-PIFLUORCH/4-DIHYDRCH^ CARBOXYUC ACID ETHYL 

ESTER 



There was added 1.1 g (27 mmoles) of 60% sodium hydride portionwise, at a temperature between 
5 18°C to 22°C. to a suspension of 722 g (21.9 mmoles) of 3-(2 l 4 I 5-trifluorophenyl)-3-oxo-2-(((1,1- 
dimethylethyl)amino)methylene)propanoic acid ethyl ester in 73 mL of anhydrous dioxane. An exothermic 
reaction occurred. After stirring at room temperature during 1 hour, the resulting mixture was evaporated to 
dryness, and taken up with CH2CI2 (150 mL) and H2O (200 mL). After decantation the organic layer was 
dried over MgSCU- Evaporation of dichloromethane gave 6.41 g of an amorphous solid which was washed 
to twice with water to yield 6.08 g of titled compound. 



EXAMPLE VI 

75 6-FLUORO-7^HLORCH1,1M3IMETHYLETH^ CARBOXYUC ACID 

To a solution; of 3-(2 r 4-di*lorq-5-fluoro)-3-oxo-2-(((1 ,1 -dimethyl ethyl)amino)methylene)propanoic acid 
ethyl ester in. 10T mil dioxane at 7°C under nitrogen was added portionwise 0.34 g (8.45 mmoles) of 60% 
sodium hydride; Diiring the addition 9mL more dioxane was added to help stirring. The final mixture was 
13 20 stirred, for 3a minutes at room temperature and then heated under reflux for 22S hours. The solvent was 

□ evaporated- in . vacuo to give the crude ethyl ester of the titled compound. To this product was added 10 mL 

p of water and ^6 g of potassium hydroxide. This mixture was heated under reflux for 1 .5 hours, cooled to 

p room temperature, acidified to pH 1-2 with 6N hydrochloric acid. The resulting precipitate was collected by 

yi filtration, washed with water, and recrystailized from water (3mL>+ dioxane (60 mL) to give 0.8 g of 6-fluoro- 

jg 25 7-chloro-(1,lKJimethylethyl)-1,4-dihydro-4-oxo-3-quinoline carboxylic acid, mp 274°C (dec). Evaporation of 

the mother iiquor gave a residue which was taken up with 15 mL boiling dioxane. After cooling and filtration 
0.4 g more of titled carboxylic acid was obtained. MP 272-273 °C (dec). 



ry 

Hi 



30 EXAMPLE VII 

6.7-D1FLUORO-1-0 ,1-DIMETHYLETHYL)-1 ,4-DlHYDRO-4-OXO-3-QUINOUNE CARBOXYUC ACID 

A mixture of 6.08 g (19.7 mmoles) of 6,7^imuoro-H1,1^imethylethyl)-1,4KJihydro-4^xo-3^uinoHnecar^ 
35 boxylic acid ethyl ester and 19.7 mmoles of 2N aqueous sodium hydroxyde in 80 mL of ethanol was stirred 
overnight The resulting mixture was concentrated in vacuo, taken up with 200 mL of water and extracted 
with dichloromethane. About 8 mL of 2N HCI was added to the aqueous layer to adjust the pH to 3. The 
precipitate was collected by filtration, washed with H2O and dried to give 4.47 g, of titled compound. MP > 
260°C. 



40, 



EXAMPUr Vlll 



3-(2.6-DICHLORa-3^mORO*5>PYRIDiNYL)-3-OXO-2-(((1 ,1 ■DIMETHYLETHYL)AMINO)METHYLENE)- 
46 PROPANOIC ACID ETHYL ESTER 

A solution of 10.8 g (148 mmoles) of tert-butylamine In 50 mL dry ethanol was added dropwise in about 
30 minutes to a suspension of 50 g (148 mmoles) of 3^2,6^ic^loro^fluoro-5-pyridinyl)-3-oxo-2-(((1,1- 
dimethylethyl)amino)methylene)-propanoic acid ethyl ester in 125 mL dry ethanol at -5°C under nitrogen. 
so The mixture was stirred at room temperature for one hour. The solvent was evaporated. The resulting oil 
(54,3 g) was stirred in 100 mL of petroleum ether for 0.5 hour with cooling. The precipitated yellow solid 
was filtered, washed with petroleum ether, and dried in vacuo over phosphorous pentoxide to afford 47.7 g 
of titled compound. MP 78°C. 



65 



EXAMPLE DC 
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7-FLU0R0-6-CHL0RO1 .4-DIHYDRO-1 (1 ,1-DIMETHYLETHYLH-OXOI ,8-NAPHTHYRIDlNE-3- 
CARBOXYUC ACID ETHYL ESTER 

There was gradually added 1.3 g (32.4 mmoles) of 60% sodium hydride under nitrogen at room 
temperature to a solution of 10 g (27.5 mmoles) of 3^2.6^ichloro-3-fluoro-5-pyrtdinyl)-3-oxo-2-(((1 l 1- 
dimethylethyi)amino)methylene)propanoic acid ethyl ester (10 g) in 34 mL dry dioxane .3 mL The 
temperature raised spontaneously to +60°C. After stirring for 15 minutes, the solvent was eliminated in 
vacuo. The resulting solid was taken up with 100 mL dichloromethane and the mixture was chilled in an ice 
bath. After decantation, the organic layer was washed with cold water and dried over magnesium sulfate to 
afford 8.2 g of title compound. MP 155°C. (A sample washed with hexane melted at 158°C). 



EXAMPLE X 

6-FLUORO-7-ETHYLTHIO-1 .4-DIHYDRO-1 -(1 ,1 -DIMETHYLETHYLH-OXO-1 ,8-NAPHTHYRIDINE-3- 
CARBOXYLIC ACID ETHYL ESTER 

Acetone (90mL) was added to a mixture of 1.96 g (6 mmoles) of 6-fluoro-7-chloro-1-(1,1-dimethylethyI)- 
1,4-dihydro-4-oxo-1,8 naphthyridine-3-carboxylic acid ethyl ester and 2.5 g (18 mmoles) of anhydrous 
potassium carbonate. To this suspension was added 1.33 mL (18 mmoles) of ethanethiol. After heating to 
reflux for 2.5 hours, the solvent was eliminated in vacuo. The residue was taken up with ethylacetate and 
water. The organic layer was separated, washed with water and brine, and dried over magnesium sulfate. 
The resulting solid was treated with ether to give 1.67 g of titled compound. MP 159-60°C. 



EXAMPLE XI 

6-FLUORO-7-ETHYLTHICM t 4-DlHYDRO-1-(1 , 1 -DIM ETHYLETHYLM-OXO-1 .8-NAPHTHYRIDINE-3- 
CARBOXYUC ACID ~ 

A suspension of 0.23 g (0.65 mmoles) of 6-fluoro-7-ethylthio-(1,1-dimethyle^ 
naphthyridine-3-carboxylic acid ethyl ester in 1 mL of water was treated with 1 .3 mL of IN aqueous sodium 
hydroxide and the mixture was heated under reflux for 45 minutes. The resulting precipitate was acidified 
with 1 mL of 2N hydrochloric add, filtered, washed with water and dried in vacuo at 50°C to give 0.196 g of 
titled compound. MP 215°C. 



EXAMPLE XII 

6-FLUORQ7-ETHYLSULFON YL-1 -(1 .1 -DIMETrWLETHYLH .4-DIHYDRO-4-OXO-1 .8-NAPHTHYRID1NE-3- 
CARBOXYUC ACID 

A suspension of 1.34 g (4.1 mmoles) of 7-ethylthio-6-fluoroO-(1,1-dt^^ 
naphthyridine-3-carboxylic acid in 20 mL acetic acid was cooled to +5°C. Then 2.5 mL 30% hydrogen 
peroxide was added dropwise. After the addition, the suspension was carefully warmed at 45°C until a clear 
solution was obtained. The mixture was held at room temperature for 48 hours. The precipitate was filtered 
and washed with water and ether to give 0.90 g of titled compound. MP 207°C. (dec). 

The following Table 1 illustrates the quinoline-and raphthyridine-carboxylic acid antibacterial com- 
pounds described above in Examples 1-44 which are represented by the structural formula at the top of the 
table. 

The compounds of this invention display antibacterial activity when tested by the micr o UUal ion dilution 
method reported by Herfetz et ai., Antimicr. Agents & Chemoth., 6. 124 (1974). Minimum inhibitory 
concentrations (MICs, in ug/ml) for but a few representative compounds according to this Invention were 
determined by the above-mentioned method. The results are set forth in the following Table. 2. 

Quinoline analogs of Example 1 having 1,1-dimethylpropyl, 1-methylcyclopropyl, 1-methylcyclobutyl 
and isopropenyl substituents in the 1 -position of the quinoline ring system were also prepared following 
substantially the procedures described herein. Representative quinofone compounds and naphthyridone 
compounds (generally as their methanesulfonate salts) were tested for in vitro biological activity, the results 
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T5 



of which are described for Table 2. All of these compounds gave results indicating antibacterial activity 
somewhat less than that given by the compound of Example 1 but still a useful level of antibacterial activity. 
Naphthyridine analogs of Example 1 (corresponding to Example 20 having the substituents in the 1 -position 
of the naphthyridine ring system described above with regard to the quinoline analogs) are also specifically 
contemplated and are expected to show improvement in antibacterial activity over their quinoline analogs 
comparable to the improvement illustrated by Example 20 relative to Example 1 . 

TABLE 1 - LIST OF EXAMPLES 
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1 - piperazinyl 

4- ( cyclopenten-3 -yl ) -1-piperaziny 1 

8 -me thy 1-3, 8-diazaiicyclo[ 3 . 2. ljoctan- 

3-yl 

3 -phenyl-1 -piperazinyl 

3- amino-3-methylpyrrolidin-l-yl 

4- methyl-l-piperazinyl 

2 , 5-diazabicyclo[ 2*2. 2 ]octan-2-yl 

IS , 4S-2 , 5-diazabicyclo [2*2. 1 ]heptan-2-yl 

3-aminomethyl-l-pyrrolidinyl 

3 - ( ethylamino ) methyl- 1-pyrrolidinyl . 

3 - me thy 1-1 -piperazinyl 

3 , 5-dimethyl-l -piperazinyl 

4- 6imethylamino-l-piperazinyl 

1R, 4R-2 f 5-diazabicyclo [ 2 . 2 . 1 ]heptan-2-yl 
4- ( 1 r 1 -dime thy lethyl ) -1 -piperazinyl 
1 -piper azinyl 

3 - ( e thylamino } methy It 1 -pyr r olidiny 1 

1R, 4R-2 , 5-diazabicyclo [2.2-1 ]heptan-2-yl 

3-amino-l-pyrrolidinyl 

1 -piper azinyl 

3 - methyl-l-piperazinyl 

IS , 4S-2 , 5-diazabicyclo C 2 . 2 . 1 ]heptan-2-yl 
2 , 5-diazabicyclot 2 . 2 . 2 ]octan-2-yl 

4 - ( cyclopenten- 3 -yl ) -1 -piperazinyl 
3 -aminomethyl-l-pyrrolidinyl 

3- ( ethy lamino ) methyl- 1-pyrrolidinyl 

3-methyl-l-piperazinyl 

3 , 4-dimethyl-l-piperazinyl 

3 -phenyl-l-piper azinyl 

1R, 4R-2 , 5-diazabicyclo [ 2 .2.1 ]heptan-2-yl 
1R , 4R-5-raethyl-2 f 5-diazabicyclot 2.2.1]- 
heptan-2-yl 

8-methyl-3 , 8-diazabicyclo[ 3 . 2 . 1 loctan- . 
3-yl 

3 , 8-diazabicyclot 3 . 2 . 1 loctan- 3-yl 

2 - aminome thy 1 -morpholin- 4 -yl 

3- amino- 3 -metliy lpyr rolidin- 1 -y 1 
3-amino-l-pyrrolidinyl 
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TABLE 1 - LIST OF EXAMPLES . CONTINUED 



a 



20 



26 



COOII 



30 



35 



40 



EX. 

37 
38 
39 
40 
41 
42 

43 
44 
45 
46 
47 
48 



C(CH 3 ) 3 



N 
N 
CH 
N 
N 
N 

N 
CH 
N 
N 
N 
N 



3-f luoromethyl-piperazin-4-yl 
3-aminomethyl-piperazin-4-yl 
3-f luoromethyl-piperazin-4-yl 
1 , 4-diazabicyclo[ 3.2.1 ]oct-4-yl 
3 , 8-diazabicyclo[ 3.2. 1 ]oct-8-yl 

3- amino-4-methyl-l-pyrrolidinyl ( cis and 
trans mixture ) 

4- aminomethyl-3-hydroxy-l-pyrrolidinyl 
4 - aminome thy 1 - 3 -hydroxy* - 1 -'pyr r o lidiny 1 
(R ) -3-amino-l-pyrrolydinyl 
(S)-3-amino-l-pyrrolidinyl 

cis - 3 - amino - 4 -methyl - 1 -pyr rolidiny 1 
trans - 3 - amino- 4 -me thy 1 - 1 -pyr ro lidiny 1 
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TABLE 2 — MIC (mg/ml) 



The following abbreviations are used in Table 2: 



Nal 
Nor 
Cip 

S. aur. 
S. faecal. 
S- faeci. 
El- coli 
KT— oxyto. 
E- clo. 
F- aer. 



= nalidixic acid 

= norfloxacin 

= ciprofloxacin 

= Staphylococcus aureus 

= Streptococcus faecalis 

=s Streptococcus faecium 

= Escherichia coli 

= Klebsiella. oxytoca 

= Enterobacter cloacae 

= Pseudomonas aeruginosa 
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TABLE 3 — MIC (ug/ML) 
The following abbreviations are used in Table 3: 



Nor 
Cip 

S . aur . 
S. faecal. 
S. faeci. 
E. coli 
K . pneum . 
E. do. 
P. aer. 



norfloxacin 
cipr of loxacin 
Staphylococcus aureus 
Streptococcus faecalis 
Streptococcus faecium 
Escherichia coli 
Klebsiella pneumoniae 
Enterobacter cloaca 
Pseudomonas aeruginosa 



Ex. 


S. 


S. 


S. 


E. 


K. 


E. 


P. 


No. 


aur . 


faecal . 


faeci. 


coli. 


pneum. 


clo. 


aer . 


Cip. 


D.13 


0.5 


8 


0.015 


0.C3 


0.008 


0.13 


Nor. 


/ 0.25 


2 


8 


0.06 


0.03 


0.06 


0.5 


30 


0.06 


0.25 


2 


0.06 


0.06 


0.03 


0.1'3 


36 


0.015 


0.25 


1 


0.13 


0.13 


0.06 


0.-25 


42 


0.03 


0.25 


1 


0.008 


0.06 


0.015 


0.25 


45 


0.15 


0.13 


1 


0.06 


0.13 


0.06 


0.25 


46 


0.008 


0.03 


0.25 


0.015 


0.03 


0.008 


0.06 


47 


0.015 


0.13 


1 


0.25 


0.03 


0.13 


0.5 


48 


0.008 


0.C6 


0.5 


0.015 


0.06 


0.015 


0.25 



TABLE 4 - TOXICOLOGIC TEST RESULTS & WATER SOLUBILITY 



EX. NO. 

Cip. 

30 

46 

47 

48 



LP 50 mg/kg 

N/A 

N/A 

350 
>1000 
>1000 



LDO mg/kg 

N/A 

N/A 

N/A 
>1000 
>1000 



WATER SOLUBILITY 
mg/ml (pH iso 

0.07 
0.08 
0.01 
0.03 
0.24 



The data set forth in Tables 2, 3 and 4 above show that the compounds described above as the most 
especially preferred, namely those compounds according to Formula I wherein R 1 is -C(CHs)s, X is F. Y is 
N, and Z is selected from 



H 



-i /^J n- (lR,4R; f H 2 N-^2^N- (racemic mixture, 



R-isoraer and S-isomer), and 



(racemic mixture, cjs-isomer and trans-isomer), possess an especially advantageous broad spectrum of 
anti-bacterial activity. Among these compound, 7 ^trans- 3-amino-4^ethyhpyrrolidin-1 -y D-1 -(1 ,1 - 
dimethylethylH f 4-cfihydro-6-fluoro-4-oxo-1 ,8-naphttiyridine-S-carboxylic acid (methanesulfonate) (Ex. 48) is 
the most especially preferred because it has been shown to possess the most advantageous combination of 
anti-bacterial, toxicity, and water-solubility properties. A compound as named above except having a 7-{(1 R, 
4R)-2,5-dia2abicyclo[2^.1Jheptan-2-yl group (Ex. 30) also possesses a highly advantageous combination of 
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the above mentioned properties. 



EXAMPLE - 

PREPARATION OF R-AND S-3-AM1NO-PYRROLIDINE AND USE OF SAME TO PREPARE EXAMPLES 45 
AND 46, RESPECTIVELY. 

(SKH4-METHYLSULFONYLOXYH -PHENYLMETHYL PYRROLIDINE 

To a solution of 16.4 g (92.5 mmol) of (S)-3-hydroxy-1-phenylmethyl pyrrolidine (prepared according to 
KOJIMA, Y; TAKENAKA, T in J. Med. Chem. 1986, 29 t 2504) in 164 ml pyridine cooled to +5°C was 
added 19.35 g (101.7 mmol) of 4-toluenesulfohylchloride. The mixture was stirred 48 hours at +10°C. The 
solvent was removed and the residue was purified by chromatography using dichloromethane/acetone 
(95:5) to yield 18.80 g (63%) of title compound - M.P. 68°C. [a] & = -30°C (c = 5, MeOH). 



(R)-3-(4-METHYSULFONYLOXY)-1 -PHENYLMETHYL PYRROLIDINE 

This product was prepared as example above (starting from d-malic acid). MP. 62° C [ o ] = 
+31.2° (c = 5, MeOH). Alternatively It was possible to prepare the (R) isomer from the (S) isomer by 
transforming (S)-3-(4-methylsulfonyloxy)-1-phenylmethyl pyrrolidine in (R)-3-acetyloxy-1-phenylmethyl pyr- 
rolidine with tetraethyl ammonium acetate in ethyl acetate ( [ a ] aft = + 21.9°, c = 5, MeOH) which 
was successively hydrolyzed with aqueous sodium hydroxide and tosylated again at +5 D C in pyridine to 
give the title compound. 



(RV3-AZIDO-1 -PHENYLMETHYL PYRROLIDINE 

To a solution of 17.1 g (51.6 mmol) of (S)-3-(4-methysulfonyloxy)-1-phenylmethyl pyrrolidine in 200 ml 
anhydrous dimethylformamide preheated to 60°C was added 33.5 g (516 mmol) of sodium azide. The 
mixture was stirred 7 hours to 60°C. Insoluble material was filtered off. The solvent was removed at 50°C 
under reduced pressure. The residue was dissolved in ethyl acetate, washed twice with water and dried 
over magnesium sulfate to yield 7.95 g (76.5%) of title compound as an oil. 
[a] So = -7-2° (c = 5. MeOH) - IR (cm" 1 ) : 2100. 



(S)-3-AZlDO-1 -PHENYLMETHYL PYRROLIDINE 

The (S) isomer was basically prepared in the same way as the (R) isomer starting from the (R) tosyl 
pyrrolidine - [ a ] S) 65 +6.9° (c « 5, MeOH). 



(RV3-AMINO-PYRROLIDINE, DIHYDROCHLORIDE 

To a solution of 7.05 g (34.8 rnol) of (R)-3-azido-1-phenylmethyl pyrrolidine and 34.8 ml aqueous IN 
hydrochloric acid in 245 ml ethanol was added 3.5 g of 10% palladium on carbon. The mixture was 
hydrogenized for 30 mn. It was added 3.5 g more of the catalyst and the mixture hydrogenized again for 2 
hours. The catalyst was filtered over a celrte pad. It was added 343 ml aqueous 1JN hydrochloric add to the 
filtrat which was evaporated under reduced pressure. The residue was taken up three times with 70 ml 
ethanol and the solvent removed each time. The dihydrochloride crystallized in the minimum amount of 
ethanol to give 4.45 g (80.5%) of title compound. 
[a] & = -1.2° (c « 5.0.1N HCl). 
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(S)-3-AMINO-PYRROLIDINE. DIHYDROCHLORIDE 

r 

This compound was prepared exactly as described in the above procedure with the (S)-3-azido-1 
phenylmethyl pyrrolidine. 
C«] ft = + 1° (c - 5;0.1NHCI). 



7-[(R)-3-AMINO-1-PYRROLIDINYL1-1-(1 .1-D1METHYLETHYL-1 ,4-DlHYDRO-6-FLUORO-4-OXO-1 ,8- 
NAPHTHYRIDINE-3-CARBOXYUC ACID. ETHYL ESTER 

To a suspension of 0.48 g (3.02 mmol) of (R)-3-amino-1 -pyrrolidine, dihydrochloride and 0.76 g (2.30 
mmol) of 1 -(1 f 1 -dimethylethylH -1 ,4-dihydrt^7-chloro-6-fluoro-4-oxo-1 f 8maphthyridine-3-carboxylic add, 
ethyl ester in 15 ml acetonitrile was added 1 .40 g (9.26 mmol) of 1 t 8-diazabicyck>[5.4.0]undec-7-ene. The 
solution was heated one hour at +65°C. The reaction mixture was cooled in an ice-bath. The precipitate 
was filtered and dried to yield 0.77 g (89.5%) of tWe compound - MP. 257°C. 
[a] & = +73.5° (c = 2, OIN HC!/MeOH 50:50). 



7-[(S)-3-AMINO-1-PYRROLIDINY^^ 
NAPHTHYRIDINE-3-CARBOXYUC ACID, ETHYL ESTER 

The (S) isomer was prepared as described for (R) isomer as above. M.P. 257° C. 
[a] ft 



7-[(R>-3-AMINO-PYRROUDINYLl-W1 .1 -DIMETHYLETHYLH ,4-DlHYDRO-6-FLUORO-4-OXO-1 ,8- 
NAPHTHYRIDINE-3-CARBOXYLIC ACID, METHANESULFONATE 

A suspension of 6.60 g (17.5 mmol) of 7-[(R)-3-amino-1-pyrrolidinylJ-1-(1 ,1-dimethylethyt)-1*4-dihydro-6- 
fiuoro-4-oxo-1 l 8-naphthyridine-3-carboxylic acid, ethyl ester in a solution of 70 ml IN aqueous sodium 
hydroxide was heated under reflux for 20 mn. The solution was cooled and the pH was adjusted to 6.5 with 
12N hydrochloric acid. The precipitate was filtered and dried to give 5.95 g of the amino-acld. M.P. 256°C, [ 
<* ] ft = 24 -4° (c = 1, 0.1 N HCI). This amino-acid was suspended in 60 ml methanol and heated under 
reflux. To this hot suspension was added 1.28 ml (19.8 mmol) of methanesulfonic acid and then 100 ml of 
methanol in order to get a solution at reflux. The solution was concentrated to 100 ml and kep in a 
refrigerator for 30 mn. The precipitate was filtered and dried to give 5.9 g (75.9%) of title compound. M.P. 
255°C; 

[a] JJ> « -18.6° (c « 1. 0.1 N HCI). 



7-C(S)-3-AMINO-1-PYRROUDINYLH-(1 ,1-PIMETHYLH ,4-PIHYDR06-FLUORO-4-OXOl .8- 
NAPHTHYRIDINE-3-CARBOXYUC ACID, METHANESULFONATE. 

This compound was prepared according to the procedure described above. M.P. 253-254 °C. 
[ « ] So s +21.4° (c » 1, 0.1N HCI). 



EXAMPLE - 

PREPARATION OF (1R, 4R)-2,5-DIAZABICYCLCH2^.1>HEPTANE. DIHYDROBROMIDE 

ALLO-4-HYDROXY-D-PROUNE HYDROCHLORIDE (1) 

Ref: D.L Baker, S.J. Fritschel, J.R. Stille and J.K. Stille, J. Org. Chem. (1981) Vol 46, pp. 2954-2960. [ a 
]d = + 19.81° (c = 2, H2O) 
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ALLO-4-HYDROXY-P-PROUNE ETHYL ESTER HYDROCHLORID (2) 

A slurry of 240 g (1.432 mole) mor Allo-4-hydroxy-D-Proiine hydrochloride in 1.2 L of absolute ethanol 
~«*~ v .was treated with dry hydrogene chloride until homogeneous. The solution was heated to the reflux 
5 temperature for 5 h. The mixture was kept at room temperature overnight, then cooled in an ice bath and 

the resulting precipitate was filtered, washed with acetone and dried under reduced pressure to yield 212.1 

g (75%) of M.P. - 148°C. 

[ a Jo = +20.37° (C « 2, H2O). 



TO 



ry 
PU 

Q 



ALL(>1K4-TOLUENESULFO^^ ETHYL ESTER (3) 



To a cold solution of 74 g (0.377 mole) of allo-4-hydroxy-D-proline Ethyl Ester Hydrochloride (2) and 
38.1 g of triethylamine (0.377 mole) in pyridine (740 ml) at -5°C there was added portionwise 158.2 g (0.83 
75 mole) of 4-toluenesulfonyl chloride. The cold solution was stirred 1 h at 0°C, stored overnight in the 
refrigerator. Then the mixture was stirred at room temperature for 5 h, poured into ice water (550 ml). The 
precipitate was filtered, washed with water, dried to give 131 g (742.%) of the titled compound. M.P. = 
125°C. 

[ a Id = + 26.48 °C (c = 2 t CHCI 3 ) 



20 

-SB 



§3 



4>(ACETYLOXY)-1-(4-TOLUENESULFOXYLVD-PROLINE ETHYL ESTER (4) 



63 To 350 ml of toluene were added 20 g (O.150 mole) of anhydrous tetramethylammonium acetate and 

01 25 54.8 g (0.117 mole) of allcKH4-toluenesulfonyl)^4-toluenesolfonlylo^^ ethyl ester ( 3) under 

,S nitrogen. The mixture was refluxed overnight and then cooled. The organic layer was washed with water (2 

:jp x 100 ml), dried over magnesium sulfate, filtered and evaporated to dryness. The residue (40 g) was taken 

up with 80 ml of isopropanol. The mixture as stirred for 30 minutes at 0°C f the resulting crystalline product 
was collected, dried under reduced pressure to give 30.3 g (74%) of the title compound. M.P. = 81 °C. 
30 [ a ] D = +82.64° (c « 2, CHCb). 



4^HYDROXY-1-(4-TOLUENESULFONYL)-D-PROLINE ETHYL ESTER (5) 

35 To the suspension of 1665 g of compound (4) in 20 L of methanol there was added 8 L of distillated 
water. The pH was adjusted to 11-11.5 using sodium carbonate (~ 45 g). After 4 hours the pH was adjusted 
to 7 using acetic acid (~ 22,5 ml) and the mixture kept at room temperature overnight At this time the pH 
was adjusted to 7 with another portion of acetic acid (2,5 ml), the solution volume was reduced by half by 
rotary evaporation. Then 20 L of water were added and the mixture was extracted with 2 portions of 

40 dichloromethane (15 L and 3 L). The combined extracts were washed with water (5 L), dried over 
magnesium sulfate, filtered and evaporated under reduced pressure to give 1444,4 g of an oily product 
(98%). 

[ a ] * +100.35° (c = 1.8, EtOH). 
K.F. - 0.78% 

45 



4-HYDROXY-1-(4-TOLUENESULFONYL)-P-PROUNOL (6) 

To an ice-cold solution of 286.4 g (0.914 mole) of 4-hydroxy-(4-toluenesulfonyl>-D-proHne ethyl ester 
50 (5) in 2.8 L of tetrahydrofuran was added 20 g (0.918 mole) of lithium borohydride in one portion. The 
mixture was stirred at 0°C for 1 hour and then kept at a temperature below 25 °C overnight The mixture 
was cooled to 0°C and the pH adjusted to 3 with 6N hydrochloric acid (180 ml). The volume was reduced 
to 500 ml by rotary evaporation, and 1.5 L of water was added. The white precipitate was filtered, washed 
with cold water (500 ml) dried under reduce pressure to give 223.8 g (90%) of the title compound. M.P. = 
55 127°C. 

[ab 3 36.66° (c = 1.0, acetone) 
K.F. - 6.55% 
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(2R t 4S>-1-(4-TOLUENESULFO^>-2^TOLUENESUIJ r O^LOXYMETHYL>^^ 
FONYLOXY)-PYRROLIDINE (7) 

To an ice-cold solution of 219.2 g (0.808 mole) of 2R, 4S-1-(4-toluenesuIfbnyl>-2-hydroxymethyM- 
5 hydroxy-pyrrolidine (6 ) in 1 L of pyridine were added 5392 g (2.828 mole) of 4-toluenesulfonyl chloride in 
one portion. The temperature rose to 50°C. The mixture was cooled at 10°C and kept for 2 hours at this 
temperature and then at room temperature overnight. The mixture was pured into 5 L of 2.4 N hydrochloric 
acid. After cooling, a precipitate was collected, washed with cold water, dried under reduced pressure. This 
presicpitate was taken up with 1 L of ethanol, filtered and washed with cold ethanol, dried under reduce 
io pressure to give 406 g (86%) of the titled compund. 
MP. * 134°C. 
. t a lo 53 +57.13° (c « 1.9, acetone). 



75 (1R, 4R)-2^4-TOLUENESULFO^^^)-fr^ (8) 

A mixture of 2697 g (4.653 moles) of (2R, 4SMK^toiuenesulfcmyl)-2^4~tokjenes^ 
toluenesuifonyloxy)-pyrrolidine and 1640 g (15.304 moles) of benzylamine in 15 L of toluene was heated 
under reflux. Ater 6 hours 100 g of benzylamine were added and the reflux continued for 3 hours. The 
. 20 mixture was cooled, filtered and the residue was washed with 5 L of toluene. The combined organic layers 

' £! were evaporated to dryness and the resulting solid was taken up with 2 L of isopropanol. After cooling the 

G product was filtered, washed with cold isopropanol and dried under reduced pressure to give 1434 g of the 

Q titled compound. (90%). M.P. « 124°C. 

IP [ « ]d « -15.72° (c - 1.6, acetone) 

131 25 

(1R, 4R>-5-PHENYLMETHYL-2 t 5>DIAZABICYCLOf2.2.1l-HEPTANE 1 DIHYDROBROMIDE (9) 

To a hot solution of 2.85 L of hydrobromic acid 33% in acetic acid and 14 L of acetic acid, at 70 °C 
there was added 1428 g (4.17 moles) of (1R, 4R)-2-(4*toluenesulfonyl)-5-phenylmethyl*2 t 5-diazabicyclo- 
[2.2.1 J-heptane ( 8). The solution was stirred for 12 h. The resulting suspension was cooled (18-20°C). The 
precipitate was filtered, washed with ditsopropylether and dried at 40°C under reduced pressure to give 
1294 g (89%) of the titled compound. M.P. = 276°C. 
[a] D * -0.38° (c = 1, H2O). 



(1R t 4R)-2,5-DIAZABICYCLCH2.2.H = HEPTANE, DIHYDROBROMIDE (10) 



30 



35 



A suspension of 76 g (0.217 moles) of (1R, 4R)-5-^)henylmethy l-2^-diazabicyclo-{2^.1 Hieptane, 
40 dihydrobromide (9 ) and 37 g of 10% Pd on C in 1.2 L of water was hydrogenated at atmospheric pressure 
at 40 °C. The reaction was completed within 8 hours. The catalyst was filtered off and the filtrate was 
evaporated under reduced pressure. The residue was taken up with ethanol and the resulting precipitate 
was filtered to give 51.4 g (91%) of the titled compound. MP. « 285°. [afc* -19.83 (c= U 0.1 N HCL). 



3(RVN',N'-D1METHYLHYDRAZ1N0-1-PHENYLMETHYL PYRROLIDINE, 4-METHYLPHENYLSULFONlC ACID 
SALT 



To a solution of 3.96 g (12 mmoles) of 3(SH4-methyIphenyteutfonyloxy)-1-ph8nylmethyt pyrrolidine in 
50 40 mL anhydrous methanol was added 2.15 g (36 mmoles) of N,N-dimethylhydrazine. The solution was 
heated under reflux for 9 hours. Then, the solvent was evaporated. The residue was taken up with 
dichloromethane and brine, the organic layer was dried over MgS04 to give 2.4 g of crude product which 
was recrystallizedin ethyl acetate to afford 1.61 g of title compound. Yield 36%. 



55 
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3(RVN\N'-DIMETHYLHYDRAZINQ-PYRR0UD1NE, DIHYDROCHLORIDE 

A suspension of 0.82 g (2.1 mmoies) of 3(R)-N',N'-dimethylhydra2ino-1-phenyimethyl pyrrolidine, 4- 
methylpheny (sulfonic acid salt and 700 mg Pd 10% on C in 20 mL ethanoi was hydrogenolyzed at 
5 atmospheric pressure for one hour. The catalyst was filtered off and the solvent was evaporated from the 
filtrate, and the residue was taken up in 4 mL isopropanol to which was added 750 mL of 5N hydrochloric 
acid in ethanoi. The precipitate was filtered to give 440mg of title compound. Yield 97%. 



10 7-r3(R)-^N # -DIMETHYLHYDRAZINO-PYRROUDIN-1'YLl-1 -(1 ,1-DIMETHYLETHYL)-6-FLUORO-1 ,4- 
DIHYDRCM-OXO-1,8-MAPHTYRlDiNE-3-CARBOXYLJC ACID. DIHYDROCHLORIDE 

This compound was prepared essentially as described in example 30. Yield 76,7%. M.P> 270°C; 
[ « ] & = -14.97" (c = 0.2, H2O) 



3f RH4-METHYLPIPERAZINYLH -PHENYLMETHYL PYRROLIDINE, DIHYDROCHLORIDE 

To a solution of 3.31 g (10 mmoles) of 3(S)-4-methylphenyfeulfonyloxy-1-phenylmethyl pyrrolidine in 13 
20 mL anhydrous methanol was added 2.0 g (20 mmoles) of N-methylpiperazine. The solution was heated 
- under reflux overnight After evaporationg of solvent the residue was taken up in 20 mL anhydrous ether. 
Insoluble material was filtered off and the filtrate evaporated to give 1.68 g of an oil which was transformed 
in to his dichlorhydrate in isopropanol with ethanolic hydrochloric acid to yield 1.25 g of title compound. 
M.P. 279-80°C dec. Yield 38%. 
» [ « ] A B 1 . 76 ° ( c * 5. MeOH). 



3(RH4-METHYLP1PERAZIN-1 -YL1-PYRROUDINE, DIHYDROCHLORIDE 

so A suspension of 1.55 g (0.46 mmole) of 3(RH4-methylpiperazin-1-ylh1-phenylmethye pyrrolidine, 
dihydrochloride and 0.48 g 10% Pd on C in 20 mL water was hydrogenolyzed at atmospheric pressure. The 
reaction was complete in about 4 hours. The catalyst was filtered off and the solvent was evaporated from 
the filtrate and the residue was triturated in ethanoi to give 0.85 g (Yield 75%) of the title compound. 



7-[3(RH4-METHYLPIPERAZJN-1 -YL>-PYRROLIDINYLM -(1 ,1 -DIMETHYL ETHYLV6-FLUORO-1 ,4-DIHYDRO- 
4-OXO-1.8-NAPHTYRIDINE-3-CARBOXYL1C ACID, HYDROCHLORIDE, MONOHYDRATE 

This compound was prepared basically as described in example 30. Yield 65%; M.P. 259-60 °C; 
40 [a] 8, = 14,3° (C = 0.2%, H2O). 



EXAMPLE - 

45 SYNTHESIS OF 7-PIPERAZINYL-6-FLUORO-1 ,4-DIHYDRO-H1-METHYl£THENYL)-4-OXO-1 ,8-NAPH- 
THYRIDINE CARBOXYUC ACID: 

3^2,6-DICHLORO-3-FLUORO^PYRIDIINm--3^XO-2-(((2-PHEimm 
METHYLENE)-PROPANOiC ACID ETHYLESTER 

50 

2.09 g (12.5 mmoles) of 2-amino-1 -benzenethiopropane was added to a suspension of 4 g (12 mmoles) 
of 3-(2,6^ichlorch3-fluoro-5-pyiidiny1)-3-oxo-2-ethoxymethylene-propanoic acid ethylester in 10 ml dry 
ethanoi at -8° under nitrogen. 

The mixture was stirred at room temperature for two and half hours. The precipitated product was 
55 filtered, washed with EtOH, dried in vacuo to afford 3.93 of titled compound. MP 69-70 °C. 



42 



0 266 576 



7-FLUORO-6-CHLORO-1 >DIHYDRO-H2-PHE^LTHIC^1'METHYLETHYL>-4<)XO-1 ,8-NAPHTHYRIDINE- 
3-CARBOXYUC ACID ETHYLESTER 

There was gradually added 0.4 g (10 mmoles) of 60% NaH under nitrogen to a solution of 3.92 g (8.55 
mmoles) of 3^2,6Klichloro-3-fluoro-5^yridylh3^ amino) methylene)-pro- 

panoic acid ethylester with external cooling to keep the temperature below 40°C. After stirring for 25 min. at 
roonrrtemperature. the solvent was eliminated in vacuo. 

The resulting mixture was taken up with 50 ml dichloromethane and 10 g ice. After decantation, 
inorganic layer was extracted with dichloromethane (3 x 10 ml). The collected organic layer was washed 
with water (10 ml) and dried over magnesium sulfate to afford 3.5 g of a product which was triturated with 
50 ml of diisopropyloxide to give 2.75 g of titled compound. MP 70°C. 



7-FLUORO-6-CHLORO-1 t 4*DIHYDRO-W2-PHENYLSULRNYL»1'>METHYLETHYL*4>OXO-1 ,8- 
NAPHYTHYRIDINE-3-CARBOXYLIC ACID ETHYLESTER 

There was gradually added 1.03 g (6 mmoles) of metachloroperbenzoic acid to a solution of 2.88 g 
(5.25 mmoles) of 7-fluoro-6-chforo-1 ,4-dihydro-1 -(2-pheny lthio-1 -methylethy l)-4-oxo-1 ,8-naphthyridine-3-car- 
boxylic acid ethylester at 5°C: 

After stirring for 30 min. at room temperature, 25 ml of 10% sodium-bicarbonate was added. The 
aqoous phase was extracted with dichloromethane (2 X 10 ml). The collected organic phases were washed 
wittrwater, dried over magnesium sulfate. 

The residue (2.26 g) was chromatographed over silica gel using ethylacetate as eluant to give 1,5 g of 
titled- compound. MP 170-2°C. 



7-PIPERAZINYL-6-FLUORP1 ,4-DIHYDRO-1-(2-PHENYLSULRNYL-1 -METHYLETHYLMOX01 ,8- 
NAPHTHYRIDINE-3-CARBOXYUC ACID ETHYLESTER 

To a suspension of 2.47 g (5.65 mmoles) of 7-^loro-6-fluoro-1,4-dihydro-1-(2-phenylsulfinyl-1- 
methylethyl)-4-oxo-1 ,8-naphthyridine-3-carboxylic acid ethylester in 70 ml acetonitrite was added 1.95 g 
(22.6 mmoles) piperazine and the resulting mixture was stirred for one and half hours at room temperature. 

After evaporation to dryness, the residue was taken up with water, extracted with dichloromethane (3 X 
40 ml). This organic phase was washed with 15 ml water, dried over magnesiumsulfate. Evaporation of 
dichloromethane gave 2.66 g of a product which was triturated 50 ml ethylether to yield 2.46 g of titled 
compound. The purity was checked by tic (methanohdichloromethane 20/80). 



7-PIPERAZ1NYL-6-FLUORO-1 .4-D1HYDRO-1 -(1 -METHYLETHENYLM-OXO-1 ,8-NAPHTHYRIDlNE CARBOX- 
YUC ACID 

A mixture of 0.63 g (1.58 mmoles) of 7-piperazinyi-6-fiuoro-1 ,4~dihydro-1-(1 -methylethenyl)-4-oxo-1 ,8- 
naphthyridine carboxylic acid ethylester hydrochloride and 4 ml 2N sodium hydroxyde was heated under 
reflux for 1 hr 40 min. 

After cooling, the pH was adjusted to 7.3 with 2N hydrochloric acid. The precipitated solid was filtered, 
washed with water, taken up with 10 ml boiling methanol, cooled and filtered again. This filtered compound 
was recristallized in 15 mL dimethylformamid-water 10:5 to yield 0.18 g of titled compound. MP 234°C. 



EXAMPLE - 

SYNTHESIS OF 7-P1PERAZINYL-6-FLUORQ1 ,4>DIHYDRO-4-OXO-1-(1 -METHYLETHENYLKfr 

QUINOUNECARBOXYUC ACID 
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131 
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3-(2.4 DlCHLORO-5-FLUOROPHENYL)-3-OXCl2-(((2-DIMETH^ AMINO) 
METHYLENEhPROPANOIC ACID ETHYLESTER , 

A solution of 1.29 ml (10 mmoles) of 1-methyM-(dimethylamino)ethylamine in 5 mL ethanol was added 
during 10 min. to a solution of 3.35 g (10 mmoles of 3-(2,4-dichloro-5-fluorophenyl)-3-oxo-2- 
(ethoxymetylene)rpropanoic acid ethylester in 10 mL ethanol at -8°C. 

After stirring for 2 hr 30 min. at room temperature the mixture was evaporated to dryness to give 3.98 g 
of the titled compound as an oil. 

7-CHLORO-6-FLUORO-1 .4-DIHYDRP1 -(2-(DlMETHYLAMINO)-1 -METHYLETHYLV4-0X0-3-QUIN0LINE 
CARBOXYLIC ACID ETHYLESTER 



To a solution of 10 mmoles of 3-(2,4 dichloro-5-fluorophenyl)-3-oxo-2-(((2-(dimethylamino)-1- 
75 methyiethyl) amino) methylene)-propanoic acid ethylester in 40 ml dioxanne was added 0.5 g (12 mmoles 
of 60% NaH in one portion. 

The mixture was heated under reflux for two hours, evaporated to dryness and taken up with 
diethylether and water. The organic layer gave 3.3g crude product which was dissolved in 29 ml acetone. 
To this: solution: was added an excess of 5N ethanolic hydrochloric acid. The resulting hydrochloride was 
20. filtered and washed with acetone. 

1.77~g. of this hydrochloride was dissolved in 35 ml water and sodium hydroxy de was added to obtain 
pH> 11,. After saturating with sodium hydrochloride, this solution was extracted with diethylether. The 
solvent was evaporated to dryness to afford 1.22 g titled compound (amorphous solid). 



25 



7-CHLOR0-6-FLUORO-1 ,4-DIHYDRO-1 -(2-(DIMETHYLAMiNO)-1 -METHYLETHYLV-4*OXO-3*QUINOLINE 
CARBOXYLIC ACID 



A suspension of 1,8 mmoles of 7^hloro^fluoro-1,4KJihydro-1^2^imethylaminoH-m©thytethyl)-4-oxo- 
jM* oo 3-quinoline carboxylic acid ethylester in 2.5 mL N NaOH was heated under reflux for 2 hours. 
mi After cooling, the mixture was washed with ethylacetate (2X2 mL) and pH was adjusted to 6-6,5 with 

m hydrochloric acid. The precipitated compound was filtered, washed with 2 mL water, 2 mL ethylacetate, 2 X 

: -C\ 5 mL petroleum ether to give 0.31 g titled compound. MP 238°C. 

Si 35 * 

E "* N.N,N-TRlMETHYL-2K3^ETHOXYCARBON^^ .4-DIHYDRO-1 - 

QUINOLEINYD-PROPANAMINIUM IODINE 

To a solution of 1.2 g (3.35 mmole) of 7-chloro-6-fluoro-1,4-dihydro-1-(2-(dimethyiamino)-1-methylethyl- 
40 4-oxo-3-quinoiinecarboxyIic acid ethylester in 10 mL acetone was added 2.1 mL (33.5 mmoles) of 
methyliodide. The mixture was stirred for 5 hours at room temperature and 5 ml diethylether was added to 
help the precipitation. 

The precipitate was filtered and washed with diethylether to give 1.80 g titled compound. MP 210°C. 



46 

7-CHLORQ6-FLUORO-1 ,4>DlHYDRO-4-OXO-1 -(1 -METHYLETHENYL)-3-QUINOUNE CARBOXYLIC ACID 
METHYLESTER 



A hot solution of 2,4 g of N f N,N-trimethyl-2^3-ethoxyOTi1xm^ 
so quinoteinyl)-propanaminium iodide in 75 mL methanol was treated twice with Dowex 1 (OH form) (prepared 
from 9.6 g Dowex 1 (CI form)). The resin was washed with 30 mi methanol. The methanol was evaporated 
in vacuo and the residue was treated for one hour at 190° C in vacuo. 

The resulting product was chromatografied over silicagel using chloroform-methanol 97:3. The crude 
methytester was triturated in boiling diisopropylether. After cooling the solvent was eliminated by filtration to 
55 yield 0.3 g titled compound. RF = 0.41 (chloroform-methanol 97:3). 
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7-CHLORO-6-FLUORO-1 .4-DIHYDRO-4-OXO-1 -(1 -METHYLETHENYL)-3-QUIN0UNE CARBOXYUC ACID 



A mixture of 0.3 g (1.07 mmoles) of 7^:hloro^fluorcM 1 4^ihydro-4^xo-^^ 
carboxylic acid methy tester, 1 mL methanol and 2.14 mL (2.14 mmoles) of normal sodium hydroxyde was 
s heated under reflux for one and half hours. More sodium hydroxide (1 ml) was added and the heat was 
continued for 30 min. 

The solution was diluted with 2 mL water, acified with 6N hydrochloric add, satured with sodium 
chloride, extracted with ethylacetate and dried over magnesium sulfate to give 0.25 titled compound. MP 
229°C. 



6-FLUORP1 ,4-DIHYDRQ7-PIPERAZirWL-4-OXO-1 -(1 -METHYLETHENYD-3-QUINOUNE CARBOXYUC 
ACID 

75 A mixture of 0.25 g (0.89 mmole) of 7-chtoro-6-fluoro-1 ,4-dihydro-1 -(1 -methyletheny l)-4-oxo-3-quinoline 
carboxylic acid, 0.38 g (4.45 mmoles) of piperazine and 2.1 mL N-Methylpyrrolidine was heated at 100°C 
for 3 hours 30 min. 

The final cooled mixture was diluted with 16 mL diethylether. The precipitated product was crystallized 
in 3.5 mL methanol to give 0.17 g titled compound. RF » 0.3. (Methanol - chloroform - ammoniac 4:6:1). 
20 The following shows additional compounds within the scope of the invention. TABLE 5 which may be 
prepared, by following substantially the procedure described in Example 30 except for substituting varying 
amino reactants for that used in Example 30. The symbol **" designates compounds that have been 
prepared. 

25 
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TABLE 5 - LIST OF ADDITIONAL EXAMPLES 

O 

35 r ^ • -^x. JL ^ cook 



40 Ex^ R 1 _Y_ Z r 

49 C(CH 3 ) 3 N 3-aminomethyl-4-f luoro~l-pyrrolidinyl 

(cis & trans) 

50* M N 3-aminomethyl-4-f luoro-l-pyrrolidinyl 

(cis) 

45 51* " N 3-aminoroethyl-4-f luoro-l-pyrrolidinyl 

( trans ) 

52 " N 3~amino-4-f luoro-l-pyrrolidinyl (cis & trans) 

53 N 3-amino-4-f luoro-l-pyrrolidinyl (cis) 

54 ■* N 3-araino-4-f luorc-l-pyrrolidinyl (trans) 
50 55* " N 3-methylamino-l-pyrrolidinyl 
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TABLE 5 - LIST OF ADDITIONAL EXAMPLES . CON * T . 



Ex. 


R 1 


5T*" 


ClCH-7 


57* 


11 J 


58* 


tf 


59* 


II 


60 


It 


61* 


II 


62 


Iff 


63 , 


It 


64 


II 


£ e 
0 3 


tf 


66 


u 


o / 


II 


68 


ft 


69 


II 


70 


It 


7i 


If 


72 


It 


73 


It 


74 


II 


75 


It 


76 


II 


7.7 


tt 


78 


ft 


79 


It 


80 


If 


81 


II 


82 


II 


83 


C<CH-J 


84 


it J 


85 




86 


-C(CH 3 



COOH 



N 



Y 



3 N 3-ethylamino-l-pyrroiidinyl 

N 3-dimethylamino-l-pyrrolidinyl 

N 3-(R)-(4-methylpipera2*in-l-yl)-l- 

pyrrolidinyl 

N 3-(R)-*T ,N , -dirocthylTiydra2ino- 

pyrrolidin-l-yl 

M 3 - ( iminomethyj ) amino- 1-pyrrolidinyl 

N 3-iroino-l-pyrrolidinyl 

N 3 - { axninoiminomethyl ) amino-pyrrolidiny I 

N 2 -methyl- 4-aminb-l-pyrrolidinyl 

(cis & trans) 

N 2-methyl-4-amino-l-pyrrolidinyi (cis) 

N 2-methyl-4-amino-l-pyrrolidinyl (trans) 

N 3-hydroxyamino-l-pyrrolidinyl 

N 3-hydroxyiminc-l-pyrrolidinyl 

N 3 - ( N-cyano ) amino- 1-pyrrolidinyl 

M 2 , 6-diazabicyclo( 3 .2.0 lheptan-6-y 1 

H 2-methyl-2, 6-dia2abicyclc[ 3 • 2. 0]heptari 
-6-yl 

N 3 - ( R ) -amino* 4 - ( R ) -ethyl- 1 -pyr r olidiny 1 

M 3 - { R ) -amino- 4- ( s ) -ethyl-l-pyrrclidinyl 

* N 3-(S ) - amino- 4 - (R) -ethyl- 1-pyrrolidinyl 

N 3-(S) -amino-4- { S J -ethyl- 1-pyrrolidinyl 

N 2-(R)-methyl-3-(R)-amino-l-pyrrolidinyl 

N 2- (R) -raethyl-3- (S ) -amino-l-pyrrolidinyl 

K 2- ( S ) -methyl-3- { R) -amino-i-pyrrolidinyl 

N 2 - ( S ) -me thy 1-3 - ( S ) -amino- 1-pyrrolidinyl 

V 3- (R) -amino-4- (R) -phenyl- 1-pyrrolidinyl 

K 3 - ( R) -amino-4- ( S ) -phenyl-l-pyrrolidiny 1 

N 3 - { S ) - amino-4 - ( R ) -phenyl - 1 -pyrrolidiny 1 

N 3 - ( S ) - amino- 4 - ( S > -phenyl- 1-pyrrolidinyl 

2 CH 2 P N 3- (S) -amino- 1-pyrrolidinyl 

N trans-3-aminoraethyl-4-£luoro-l-pyrrolidin- 

N trans-3-amino-4-methyl-l-pyrrolidinyl 

)CH 2 CH 2 N i-piperazinyl 

87 -C(CH 3 )CH 2 CH 2 CH-; M l-piperazinyl 
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Claims 



1 . A compound having the formula 




wherein: 

R 1 is a tertiary alkyl group selected from -CfChbk -ClChb^l-feChb, ^(CsHsXCI-bh, 



-C(C g H 5 )CHRCH 2# 

20 

i 1 I 1 

-C ( CH 3 ) CCHRCH 2 , -C ( CH 3 ) CHjCI^CH 



25 -C(CH3) = CH 2l and 



30 




wherein R is H or Cl-fa and wherein the t-aikyl group may contain 1-3 halo groups; 
35 X is a member of the group of halogen groups selected from F, CI and Br and trihaioalkyl groups selected 
from CF 3 and CCb: 

Y is selected from CH, CF, CCI, CBr, and N; and 
Z is selected from 

40 



45 



50 




o c 
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75 



20 



25 



40 



50 



R 2 2 N-(CH 2 ) n 




2 

- wherein W is NR , S, or 0, 



2 A\ 

JO r^-N fc»O n N- 



C3 
Q 

D 

1ST 



R 2 -H WW. N- . 
V_/ 

R -N (c«„ «- • and 



wgerein R 2 is independently selected from H, unsubstituted and substituted alkyl having 1 to 6 carbon 
gjbms wherein the substituent is independently selected from 1-3 hydroxy, fluoro, chloro, amino, alkylamino, 
trjfluoroacetylamino, and phenyl groups; cycloalkyl having 3 to 6 carbon atoms, and cycloalkenyl having 3 

30 carbon atoms; and wherein A, B, C, and D, are independently selected -from H; unsubstituted and 

substituted lower alkyl having 1 to 4 carbon atoms wherein the substituent is independently selected from 
1*S hydroxy, fluoro, chloro, amino, alkylamino, trifluoroacetylamino, and phenyl groups; amino; hydroxy; 
&pro;. chloro; and phenyl groups; and wherein n is selected from the integers 0, 1,2, and 3, and wherein 
wtfen the moiety R^N is present and each of the R 2 is other than H, the R 2 group is independently selected 

35 fjjphri CH 3 and C2H5; 

provided that when R 1 is 



-C(CH 3 )CHRCH 2 



then Z is not 



45 R 2 HN(CH 2 ) 



.-a- 



and pharmaceutical^ acceptable acid addition and base salts thereof. 

2. A compound according to Claim 1 wherein X is F. 

3. A compound according to Claim 1 wherein Y is selected from CH t CF and N. 

4. A compound according to Claim 1 wherein 2 is selected from 
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B 



R 2 -N 



N- 

w 

D C 



2 

R — NfcMjL N" 
V / 



A B 



R 2N"(CH 2 ) n 



N 



O c 



' and 



2 A v 



5. A compound according to Claim 1 wherein R 1 is unsubstituted or substituted -C(CHa)3, -C(CH3>- 



•C(CH 3 )CH 2 CH 2 , -t(CH 3 )CH 2 CH 2 Cll 2 , 



and -C(CH3)«CH2. 

6. A compound according to Claim 1 wherein 
R 1 is unsubstituted or substituted -CfChbh. -C(CI"b)2CHzCH3, 



-C(CH 3 )CII 2 cii 2 , -C(CH 3 )CH 2 CH 2 cA 2 , 



and -C(CH3)»CH2; 
X is F; 

Y is selected from CH, CF, and N; and 
Z is selected from 



W 

D C 



2 ^TN 



B 3 2 N- {CH 2 ) J 



A 8 

ft 



,2 A \ 



o c 

wherein R 2 is independentiy selected from H, CHb, C2H5. -C(CHsb. and 
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6 ; A, B, C, and D are independently selected from H, CHb and C2H5; and n Is selected from 0, 1 , and 2. 
7. A compound according to Claim 6 wherein 
FP is selected from -C(CH3>3 . ^0{CHJF){CH^ -C(CH2F) 2 CH3 t AND -C<CF 3 )(CH3)2; 
Y is selected from CH and N; and 
Z is selected from 



10 



is 



A B 
R -N N- 

w 

D C 



R 2 M - (CH 2'n 



A B 

N- . and R 2 - 1 ^!*^" 

c 



Q 

Q 
01 



20 



25 



8. A compound according to Claim 7 wherein R 1 is -CH(CH3h and Y is CH. 

9. A compound according to Claim 7 wherein R 1 is -C(CH3>3 and Y is N. 

10. A compound according to Claim 8 wherein Z is selected from 




30 



11. A compound according to Claim 10 wherein Z is 



Hi/ ^- 



35 



12. A compound according to Claim 10 wherein Z is 



40. 



50 
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N- 



K 2 N 



13. A compound according to Claim 9 wherein Z is selected from 



trans J , 



so 



N- (A= H, (S) and (R) ; CH,, cis and 



R -N N- 



(R 2 = H,CH 3 ) and 

H _ N /^^„_ <1S,4S) and (1R,4R). 

14. A compound according to Claim 13 wherein Z is 



50 



4R> . 




18. A compound according to Claim 13 wherein Z is 



H 3 ON N 

19. A compound according to claim 13 wherein Z is 




20. A compound according to claim 19 wherein Z is 




21. A pharmaceutical composition comprising an antibacterially effective amount of a compound 
according to Claim 1 and a pharmaceutically acceptable carrier. 

22. A composition according to Claim 21 wherein the antibacterially effective amount of said compound 
comprises from about 0.5% to about 90% by weight of the composition. 

23. A composition according to Claim 21 or 22 providing an antibacterially effective amount of said 
compound of about 0.1 to about 15 mg/kg of body weight/day. 

24. A composition according to anyone of claims 21 to 23 comprising an antibacterially effective 
amount of a compound according to claim 13. 

25. A composition according to anyone of claims 21 to 23 comprising an antibacterially effective 
amount of a compound according to claim 20. 

26. A compound having the formula: 
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H-N N- 



15. A compound according to Claim 13 wherein Z is 

H-N^^N- <1R, 

16. A compound according to Claim 13 wherein Z is 



H 2 N 



17. A compound according to claim 16 wherein Z is 
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TO 



COOM 



A 1 

wherein: R 1 is a tertiary alky! group selected from -CKCHafc. -C(CH3)2CH2CH3, -CiCeHsKCHafc 



-C{CgH-)CHRCH 2J 



TS 



1 1 1 1 

-C(CH 3 )CHRCH 2 , -C(CH 3 )CH 2 CH 2 CH 2 



20 



25 



-C(CH 3 ) = CH2, and 




30 



35 



40 



wherein R is^H or Crfe 

X is a member of the group of halogen groups selected from F f CI. and Br and trihaloalkyt groups selected 
from CF3 and CCb; 

X' is selected from F, Cl t Br, and an organic leaving group; 

Y is selected from CH, CF, CC1, CBr and N; and 

M is selected from H, O-C4 alkyi and alkali and alkaline earth metal ions. 

27. A compound according to Claim 26 wherein 
W is -C(CH3fe; 

X is selected from F and CI; 

Y is selected from CH, CF, and N. 

28. A compound represented by the formula 
Z-H (Formula III) 

wherein Z is selected from 



HH \ NS \/ I " H 



<1R,4R) 



50 




N-H 



CF 3 CO-N 




N-H 



55 



and the free amine hydrolysis product thereof, and 
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